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UBER DIE ANWENDUNG DER KONDENSATORKAM- 

MER FUR SOWOHL RONTGEN- WIE ,>-STRAHLEN- 

MESSUNGEN; ZUGLEICH EIN BEITRAG ZU DEN VER- 

GLEICHEN DER BIOLOGISCHEN WIRKUNGEN DIESER 
BEIDEN STRAHLENARTEN' 


von 


Rolf M. Sievert 


Im Jahre 1926 hat der Verf. (18) eine neue Methode, die sogenannte 
Kondensatormethode, fiir Réntgenstrahlenmessungen eingefiihrt. Diese 
besteht darin, dass man die Ionisationskammer von dem Elektrometer 
villig getrennt benutzt, indem man die Kammer mit einem zweck- 
entsprechenden Kondensator zusammenbaut und 
nur bei den Spannungsbeobachtungen das Ageregat 
in Verbindung mit dem Elektrometer bringt. 1930 
wurde die Methode weiter ausgebaut, sodass der 
Ionisationskammer selbst geniigend grosse Kapazitiat 


gegeben wurde, um fiir Bestrahlungen mit kleinen a b 
Strahlungsquantititen (besonders bei y-Strahlen) Fig. 1. Kondensator- 
benutzt werden zu kénnen (SiEVERT, 20, 22). Die kammern, 


Fig. 1 zeigt zwei solche Kammern, die aus Elek- Skala 1:1. 


tronmetall hergestellt sind. Diese »Kondensator- 
kammern) sind genau gepriift worden, und es hat sich dabei gezeigt, 
dass die natiirliche Zerstreuung trotz der winzigen Isolatoren (Bernstein) 
und des geringen Elektrodenabstandes eine sehr gute ist. Bei manchen 
Kammern kann die Isolation durch sorgfiltige Wahl und Reinigung 
der Isolatoren so hoch gebracht werden, dass die natiirliche Ladungs- 
zerstreuung von derselben Gréssenordnung ist, wie die durch die »natiir- 

1 Bei der Redaktion am 19. IV. 1934 eingegangen. 

Aus dem Physikalischen Laboratorium des Radiumhemmet in Stockholm. Vor- 
stand: R. M. Sreverr. 

14—340154. Acta Radiologica. Vol. XV. 1934. 
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liche Strahlung» hervorgerufene. Mehrere Arbeiten mit solchen Kam- 
mern liegen bereits vor (BENNER, 1, 2, 3, GRIFFITH, 8, SIEVERT, 20, 22). 

Es entstand dann das Bediirfnis, diese kleinen Kondensatorkammern 
in zwei Beziehungen weiter zu entwickeln. Einerseits war es notwendig, 
wellenlingenunabhingige Kammern herzustellen, andrerseits war es 
wiinschenswert, sie so unempfindlich zu machen, dass die Methode unter 
Anbringung der Kammern direkt am Patienten vor der Bestrahlung 
zur Bestimmung der gesamten Dosis benutzt werden kann. 

Es ist jetzt gelungen, dieselbe Kammertype wie die in Fig. 1 a gezeigte, 
aus graphitiertem Celluloid zu machen, und zwar mit einer Genauigkeit, 
die der der Elektronenkammern nur wenig nachsteht.! Sechs solche 
Kammern gaben die folgenden Werte: 


Tabelle I 
Kammer Nr. 1 2 3 4 5 6 
Ladungswert (prop. der Kapazitét © 1.2cm) 47.00 47.75 47.85 47.50 47.90 47.65 
Zerstreuung pro 24 Stunden (Mittel von 2 
11? 0.55 0.18 2.93 0.25 0.35 


Die Konstante wurde durch y-Bestrahlung in 3 cm Entfernung so fest- 
gestellt, dass durch Multiplikation des Spannungsabfalles* der Innenkugel 
in Volt/sek mit der Konstante die Strahlungsintensitét in Ime (Sir- 
VERT, 16, 21, 23), erhalten wurde. 

Die Wellenlaingenunabhingigkeit der Kammern ist nach der Tabelle II 
ersichtlich. 

Tabelle II 
Kammerkonstante in r per volt (Spannungsangabe des Elektrometers). 
Zwei von einander unabhiingige Bestimmungen. * 


Kammer Nr. 2 3 
0.1256) 0.1222 
100 kV ungefilt. Strahlang ual 0.1258 ace 1221 
0.1210 0.1177 
100 kV Filterangimm Al ............ }o.1200« 
0.1208 0.1189 
122 
0.1215 (0.1184 


1 Dank der ausserordentlichen Geschicklichkeit des Feinmechanikers R. ScHEER 
der Firma Gustav Rose, Stockholin, ist dies méglich geworden. 

* Bei den Kammern | und 4 war die Isolation nicht befriedigend. 

8 Spannungsangabe des Elektrometers. 


* Die Beobachtungen mit dem Standardmessgerit (Fasskammer nach THoraus, 24) . 


sind von Dr. Thoreus gemacht worden. 
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Kammer Nr. 2 3 | 
| 
| (0.1211 0.1207 
165 kV Filterung 0.5 mm Cu+1mmAl...... bo. 1216 * bo.1200 
| O.1221 0.1208 
| (0.1208 0.1200 
| 165 kV > Zinnfiltram nach . . 0.1207 * }o.1200 
0.1211 10.1200 
Mittelwert der mit * bezeichneten Werte .... . | 0.1218 0.1197 


Als Korrelationszahl zwischen r-Einheit und Ime-Stunde (in der 
Literatur auch mit mgeh/cm bezeichnet) wurde mit Hilfe der Kam- 
mern Nr. 2 und 3 der Wert 7.55 (7.52 bzw. 7.57) bestimmt. Die ent- 
— Zahlen anderer Forscher sind in der Tabelle III zusammen- 
gestellt 


Tabelle II 
Autor | Methode | Filter Ime | 
| | 
Guasserm u. Mautz (6) beob. . . . | Ionisation 0.6 mm Pt 8.0 | 
Mayneorp u. Ropers (14) beob. > > 88 | 
JaoER' (11) ber. Minimalwert .......... > > 7.35 
| + 0.30 mm Pt 
|_Guasser (Messung von Smevert)* ....... «| > 4mm Messing 7.25 | 
| Hottuusen (Messung von Sievert)? ...... «| > 5.8 | 


Die verschiedenen Werte sollen hier nicht naher diskutiert werden, 
aber es muss auf eine in die Augen fallende Tatsache aufmerksam ge- 


1 JAEGER findet eine »iiberraschend gute Ubereinstimmung» zwischen seinem be- 
rechneten Minimalwert und den Beobachtungen von GLassER und Mavurtz. Dies ist 
aber dadurch zu erklaren, dass J. den von G. und M. fiir 1 cm Abstand von einem Pri- 
parat mit 1.2 cm Linge angegebenen Wert benutzt hat. Bekanntlich ist die Intensitat 
bei solchen Verhiltnissen viel kleiner, als die nach dem Quadratgesetz berechneten 
(vergl. SreveRtT, 16). 

* Diese Werte sind nach Messungen per Post mit Kondensatorkammern von Elektron- 
metall bei GLassER am Teleradiumapparat und bei HotrHuseN am Standardpriparat 
(mit Holzwiirfel; vergl. HotrauseN und Hamann, 10) unter Verwendung der Angaben 
dieser Forscher berechnet. Diese Messungen sollen spiter in dieser Zeitschrift veréffent- 
licht werden. 

® Nach den Werten der betr. Verfasser unter Beriicksichtigung der Form und 


Filterung des Priparates berechnet. Da Neerr die Filterung nicht angegeben hat, 


sind die Werte sowohl bei 4/, wie auch bei 1 mm Platin angegeben. 
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macht werden. Die »biologisch» bestimmten Korrelationszahlen sind 
alle wesentlich kleiner, als die nach der Ionisationsmethode berechneten 
oder beobachteten. Man diirfte hieraus wohl schliessen kénnen, dass die 
betreffenden biologischen Wirkungen der y-Strahlen im Vergleich mit 
denen der Réntgenstrahlen dadurch charakterisiert sind, dass bei derselben 
Dosis in r-Einheiten gemessen das biologische Objekt weniger von den 
y-Strahlen als von den Réntgenstrahlen beeinflusst wird. Es steht dies im 
besten Einklang mit der, wenigstens in Schweden, seit vielen Jahren herr- 
schenden Ansicht, dass die HED bei harten Rontgenstrahlen grésseren 
r-Werten entspricht, als bei weichen Réntgenstrahlen (vergl. SrevERT, 19). 

Die Richtigkeit dieser Ansicht ist aber in den letzten Jahren von 
vielen Seiten her bestritten worden, unter anderen von einem so her- 
vorragenden Forscher wie HotrHusEeN (9). Nach soll die 
HED in r-Einheiten bei verschiedener Strahlenhirte gleich gross sein. 

Zweifelsohne hat man, verleitet durch die in den ersten Jahren der 
Réntgentherapie oft mangelnde Konstanz der Réntgenapparate und 
ungeniigende Empfindlichkeit der Messapparate fiir weiche Strahlen, 
die Grésse der Radiosensibilitiét der Haut fiir schwach gefilterte Rént- 
genstrahlen iibertrieben. In Schweden sind nun aber simtliche von 
geschulten Radiologen geleitete Réntgentherapieabteilungen an die 
ambulante Messabteilung (SteveRT, 17) des Radiumhemmets Fysiska 
Laboratorium angeschlossen. Seit 8 Jahren wird die gleiche, in r-Ein- 
heiten standardisierte Dosierung in ganz Schweden (im Jahre 1933: 45 
Krankenhauser) benutzt. Es ist unwahrscheinlich, dass die dabei ge- 
brauchte, auf den Erfahrungen der Kliniker basierte Skala (1 HED bei 
100 kV, 1 mm Al = 523 r bis 1 HED bei 175 kV, THoraus-Filtrum = 
1148 r, einschl. Riickstreuung bei 100 cm? Bestrahlungsfeld) derart 
falsch sein konnte, dass 1 HED bei 100 kV, 1 mm Al weniger als die Halfte 
des richtigen Wertes ausmachen sollte. Es scheint also, als ob zur Er- 
reichung einer HED mit zunehmender Strahlenhirte eine gréssere Dosis 
in r-Einheiten erforderlich ist. Dies ist auch in guter Ubereinstimmung 
mit den Arbeiten von FarLia und seinen Mitarbeitern (5). 

Der Verfasser ist der Ansicht, dass eine einwandfreie, genaue Messung 
von Réntgen- und Radiumdosen in derselben Dosiseinheit noch nicht 
gemacht werden kann, und fiir die Strablentherapie auch zur Zeit nicht 
von sehr grosser Bedeutung ist (vergl. SteveRT, 21 und 23). Letzteres des- 
halb, weil die Technik der Bestrahlung bei Réntgen- und y-Strahlen noch 
so wesentlich verschieden ist, und die Anwendung der Imc-Einheit gewisse 
Vorteile mit sich bringt. Die Méglichkeit, y- und Réntgenstrahlen mit 
denselben Messinstrumenten mit fiir medizinische Zwecke geniigender 
Genauigkeit auch bei klinischen Messungen in derselben Einheit zu messen, 
ist aber gerade durch die Kondensatorkammermethode des Verfassers 
gegeben. Es wird hier mit aller Ausdriicklichkeit hervorgehoben, dass, 
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wenn man Messungen mit denselben fonisationskammern im Réntgen- 
und y-Strahlengebiet machen will, die Kondensatorkammermethode 
anderen Methoden gegeniiber iiberlegen ist (z. B. unter Verwendung 
der hier beschriebenen graphitierten Celluloidkammern). Bei dieser 
Methode fallen nimlich die Stérungen in den Zuleitungen fort, und die 
Kammern eignen sich infolge deren Konstanz und Unabhingigkeit von 
dem benutzten Elektrometer gut als sekundire Standardkammern fiir 
das Réntgengebiet und als primire Standardkam- 
mern fiir das y-Strahlungsgebiet. In Bezug auf das 
Material sind vielleicht aber noch Verbesserungen 
wiinschenswert. 

Die allgemeinen Konstruktionsprinzipien einer 
Kondensatorkammer fiir grosse Strahlungsquantitaten 
hat der Verf. in einer 1932 erschienen Publikation 
(22) angegeben. MALiet (12) hat die Methode mit 
Kleinkammern fiir grosse Radiumdosen gepriift. 4. 
Nach mehreren Versuchen an dem hiesigen 
torium wurde die Kammer der Fig. 2 a konstruiert. Strahlungsquantititen, 
Das Material ist Elektronmetall, Bernstein und Skala 1:1. 
Kohle und die Spannungsbeobachtung geschah in 
der Weise, dass man den Deckel D abschraubte und die Kammer auf ein 


‘Elektrometer setzte, dessen Messelektrode mit einem Kontaktstift ver- 


sehen war, der durch Herunterdriicken der Kammer auf einen federnden 
Halter in Kontakt mit der Innenelektrode der Kondensatorkammer 
gebracht wurde. Eingehende Priifungen dieser An- 
ordnung zeigten aber, dass unter ungiinstigen Um- 
stiinden Fehler (in Grésse 5—10 %) beim An- und 
Abschrauben der mit Bernstein bekleideten Deckel : 
infolge Ladungsverinderungen der Innenelektrode 
eintraten. Auch war der Zutritt von Staub bei yt 
den Manipulationen mit dem Deckel méglich, und 
schliesslich war es sehr schwer, den Deckel so 
zu formen, dass Fehler bei der Bestrahlung infolge 
des Luftzwischenraumes an dem Verschluss ver- 
mieden wurden. 

Deshalb wurde die Kammer nach einem anderen 

Prinzip gebaut, in dem mit Hilfe einer besonderen — pungsbeobachtungen 
Vorrichtung die kleine Kammer in Fig. 2b bei den mit Kammer Fig. 2 b, 
Spannungsmessungen abgenommen wurde. Die Skala 1:1. 
Anordnung fiir die Messungen am Elektrometer ist 
aus Fig. 3 ersichtlich. Die Kammer wird in eine Hiilse hineingesteckt, 
in derselben festgeschraubt, und dann die aussere Ionisationskammerwand 
weggeschraubt. Hiernach wird die Kammer durch Umkippen des 
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Halters und nach Loslassen der einen Schraube in die Lage gebracht, 
die der obere Teil der Fig. 3 zeigt. Dieser Teil wird dann auf das 
Elektrometer gestellt, sodass die innere Elektrode der Kammer an dem 

Kontaktstift des Elektrometers anliegt. 
Mit solchen Kammern sind grosse Serien von Beobachtungen ge- 
macht worden, auch an Patienten. Zwecks Kontrolle werden immer 
zwei Kammern zusammen be- 


§=6sind benutzt worden, die mit 


der hiesigen Fasskammer 
(THorzvus, 24) geeicht wor- 
den waren. Die Zuverlissig- 
keit der Kammern ist aber 
noch nicht befriedigend. Bei 
guter Reinigung und mit aus- 
gesuchtem Bernstein ist zwar 
die Zerstreuung pro Tag im 
allgemeinen weniger als 1— 

2% der gegebenen Ladung, 
nes! und die Werte bei der Beob- 


Zehntel Prozente konstant. 

‘Sx gen vor, die zum Teil wahr- 

lung des Isolationsmateriales 

abhingig sind. Durch Ver- 


diirfte aber geniigend Zuver- 
Fig. 4. Kichkurven einiger Kammern Fig. 2 b. lassigkeit erreicht werden 
kénnen. 

Die Wellenlangenabhangigkeit dieser Kammern geht aus der Fig. 4 
hervor. Die Kammern waren gleichzeitig bestrahlt, weshalb Fehler in- 
folge unrege!missigen Laufes des Réntgenapparates eliminiert waren. 
Bei ungefilterter Strahlung zeigen die Kammern im Verhiltnis zur 
Fasskammer etwa 10 % kleinere Werte (Konstante also grésser), was 
auf die Absorption der Strahlung in der Wand der Ionisationskammer 
zuriickzufiihren ist. Die Dicke der Kammerwand kann ohne Schwierig- 
keit bis auf etwa 0.2 mm verringert werden, wenn man die Kammern fiir 
weichere Strahlung benutzen will. Fiir die bei der Tiefentherapie benutzten 
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Kammern diirfte aber die erreichte Wellenlangenunabhingigkeit geniigen. 
Dies ist auch durch Vergleiche der mit den Kammern bei Phantom- 
messungen erhaltenen Resultate mit den bei einer diinnwandigen wellen- 
langenunabhangigen Kammer beobachteten prozentualen Tiefendosen 
festgestellt worden. 

Die Eichung der Kammern geschieht in der Weise, dass man 12 Kam- 
mern, mit dem Kammerende nach dem Mittelpunkt zu gerichtet, in einen 
ringfoérmigen Halter einsetzt und die ganze Anordnung bestrahlt. Mit 
Hilfe der erhaltenen Werte wird eine Konstante fiir jede Kammer be- 
rechnet, indem man wenigstens 2 der Kammern mit einem Standard- 
messgerit bei den verschiedenen Strahlungsqualititen verglichen hat. 
Durch Multiplikation der Differenz der Kammerspannung vor und nach 
einer Bestrahlung mit dieser Konstante erhalt man die Dosis in r-Ein- 
heiten. 

Als Messinstrument fiir die Spannungsbeobachtungen dient bei diesen 
Kammern, wie bei den in Fig. 1 gezeigten, ein Zwei-Fadenelektrometer 
nach Wutr. Eine Empfindlichkeit von etwa */, Skalenteil pro Volt ist 
geniigend, denn die Ladungsspannung der Kammern kann zwischen 100 
und 700 Volt gewahlt werden. Niheres iiber die Technik der Messungen 
ist der von dem Verf. herausgegebenen Monographie (22) iiber die Kon- 
densatorkammermethode zu entnehmen. 

Die hier beschriebene, integrierende Messmethode diirfte anderen, 
fiir diese Zwecke bestimmten Instrumenten gegeniiber folgende Vorteile 
haben: 


1) Mehrere Messungen kénnen an einem Patienten gleichzeitig vor- 
genommen werden. 

2) Die Kammer kann sehr klein gemacht werden, weshalb die Messung 
wirklich die Dosis »in einem Punkt» ergiebt. 

3) Die Messkammer kann auch an sehr schwer zuginglichen Stellen 
angebracht werden, auch im Innern des Ko6rpers. 

4) Bei den Bestrahlungen ist kein empfindliches Messinstrument 
notig, und die Ablesungen kénnen mehreren Stunden nach der Bestrahlung 
gemacht werden, was fiir die Organisation der Arbeit von Bedeutung ist. 


Die Kammern werden jetzt an Patienten im Radiumhemmet benutzt 
und zwar vorliufig unter Verwendung von 2 verschiedenen Kammer- 
typen, die fiir 10—100 und 30—300 r-Einheiten bestimmt sind. Die 
Bedeutung dieser neuen Messtechnik fiir den Mediziner kann nur durch 
eingehende Versuche in der praktischen Réntgentherapie beurteilt werden, 
unter anderem deshalb, weil, auch wenn die physikalischen Schwierig- 
keiten beseitigt werden, die Bedingungen der richtigen Applizierung der 
Kammern an den Punkten, wo die Messung gemacht werden soll, noch 
eingehend gepriift werden miissen. 
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ZUSAMMENFASSUNG 


Die Kondensatorkammermethode des Verf. ist weiter entwickelt worden, sodass 
jetzt wellenlangenunabhingige Kammern hergestellt werden kénnen, die fiir Messungen 
sowohl im Réntgen- wie im Radiumgebiet geeignet sind. Auch wird eine neue solche Kam- 
mer beschrieben, bei der die Kapazitit so gross ist, dass Strahlungsdosen von mehreren 
hundert r-Einheiten direkt am Patienten wihrend der Behandlung gemessen werden 
kénnen. 

Der Verf. stellt ausserdem die von verschiedenen Forschern beobachteten Werte der 
Korrelationszahl zwischen Ime-Stunde (mg-Elementstunde in 1 cm Abstand) und r- 
Einheit zusammen und macht darauf aufmerksam, dass die auf Grund biologischer Ob- 
servationen (Hauterythem) beobachteten Zahlen wesentlich kleiner sind als die physika- 
lisch bestimmten oder berechneten. Daraus diirfte man berechtigt sein, den Schluss zu 
ziehen, dass, um ein Hauterythem zu erreichen, bei hirteren Strahlen eine gréssere Dosis 
in r-Werten gemessen erforderlich ist, als bei weicheren Strahlen. 


SUMMARY 


The author’s condenser-chamber method has been further developed, so that cham- 
bers giving values which are independent of the wave-length can now be produced which 
may be used both in X-ray and radium therapy. A chamber of this nature is described, 
the capacity of which is large enough for the direct measurement of radiation doses of 
several hundred r-units on the patient during treatment: The author also collates the cor- 
relation-numbers of Imc-hours (mgm-element-hour at a distance of 1 cm) and r-units 
observed by several investigators, and points out that the values based on biological 
observations (e. g. erythema) are considerably lower than those calculated or determined 
physically. The conclusion is therefore probably justified that erythema will occur at 
higher r-values in harder rays than in softer. 


RESUME 


La méthode des chambres condensateurs de l’auteur a été développée ultérieure- 
ment de sorte qu’on peut 4 présent produire des chambres indépendantes de la longueur 
d’onde, et qui sont utilisables aux mesures des crayons réntgen autant que des rayons 
gamma. L’auteur décrit une nouvelle chambre de ce genre, dont la capacité est si grande, 
qu’on peut mesurer des doses de rayonnement de plusieurs cents d’unités de r directe- 
ment sur le malade pendant le traitement. 

L’auteur fait aussi un rapprochement de la valeur du nombre de correlation, trouvé 
par des observateurs différents entre l’Imc-heure (mg-élément-heure & 1 cm distance) 
et l’unité r, et attire l’attention sur le fait que les valeurs obtenues par des observations 
biologiques (par exemple érythéme de la peau) sont considérablement plus petites que 
celles, déterminées ou calculées physicalement. Ainsi on pourrait peut-étre dire que, 
pour obtenir |’érythéme de la peau, pour les rayons durs il faudra un plus grand 
nombre d’unités r que pour les rayons moux. 
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FROM THE ROENTGEN DEPARTMENT, FALUN HOSPITAL, SWEDEN. CHIEF: DR. E. SAUL 


CASE OF OSTITIS FIBROSA GENERALISATA WITH 
WELL-MARKED TENDENCY TO SPONTANEOUS CURE! 
by 
Oskar Lindén 


(Tabule XXXV—XXXVII) 


It is well known that the disease usually termed ostitis fibrosa genera- 
lisata (o. f. g.) has a very bad prognosis. Patients go from bad to worse 
under well-marked emaciation, fatigue, lassitude, vomiting, nervous 
disturbances and severe pains, dying after a relatively short time. 

It is generally young women that are attacked by this severe disease. 

The treatment earlier tried has on the whole proved without avail. 
Even if solitary foci subjected to surgical or roentgenological treatment 
have occasionally improved and even entirely cleared up, such local 
treatment has proved without any effect upon the severe general symp- 
toms and disturbances of the inner secretions. Nor has attempted inter- 
nal medication proved to have any decided influence upon the course 
of disease. 

In 1925 CoL.ip succeeded in isolating the hormone of the parathy- 
roid gland and in showing that this could cure tetania parathyreopriva 
and in animals produce a condition resembling o. f. g. That same year 
Manp.i found and removed an adenoma of the parathyroid gland in a 
patient suffering from o. f. g. After this operation there was consider- 
able improvement in the patient’s general condition and the previously 
raised blood calcium now fell. 

Since then this disease has attracted increased interest especially 
by surgeons. Many cases have been operated on and as a rule with good 
results. HELLSTROM recently reported on two cases of that nature and 
compiled the 38 cases operated on up till then. The number of cases 
has rapidly increased, so much so that YounG was able to find 82 cases 
in 1933. 


1 Submitted for publication March 2nd, 1934. 
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Occasionally, however, great improvement and even cure may take 
place spontaneously. I have had the opportunity of observing such a 
ease which will be briefly reviewed below. 


A farm-labourer, male, born 1909, was under treatment in the Medical Section of 
Falun Hospital (Physician-in-charge: Dr. L. EHRENBERG) during the period Oct. 18— 
Nov. 15 1929. The patient’s parents as well as seven sisters and brothers were all in good 
health. He had himself been in perfect health until Jan. 1929 when he caught a »cold» 
with nasal discharge, cough and general fatigue which rendered him unable to resume 
his occupation after a visit to his home. In April he began to be troubled with »lumbago», 
felt tired in his back and suffered occasional pains on exertion. Before long he also suf- 
fered persistent aching in the small of his back of fairly severe nature, worst at night. At 
first this ache was mostly localized to the upper part of the back. In May aching in his 
right hip and pains on movements. In the early summer he was doing light work but 
after a month similar symptoms were added in the left hip. His condition grew worse 
and worse and in September he had to take to his bed on account of weakness in the legs 
and pains in back and hips. Remained in bed at home for a month with persistent aching 
pains. He was unable to move his legs, nor could he raise himself up or sit up in bed. 

On admission he was in a bad condition, thin and pale. He was lying in bed with his 
legs drawn up. Mobility in the hip joints was restricted in all directions, particularly 
abduction and rotation. There was normal mobility in the knee joints with exception of 
the left leg which could not be fully extended. Fairly well-marked kyphosis in the lower 
thoracic region. Over the lumbar spine there was tenderness on direct percussion. There 
was moreover marked tenderness on pressure over the gluteal regions on both sides. 
Slight active mobility in the legs. Nothing of note from the internal organs. Sedimenta- 
’ tion rate on Oct. 18 was 16 mm. in an hour. Differential blood count showed: Neutrophils 
43 %, eosinophils 3 %, basophils 1 %, large and small lymphocytes 37 %, monocytes and 
transitional forms 16 %. On Oct. 24 patient was in a very bad state, with repeated 
vomiting, dizziness, sweats, and nystagmus. No albumin in the urine during the whole 
time in the hospital, nor did it contain any Bence-Jones bodies. Temperature was 
somewhat raised but was never above 38°. During the first week the pulse rate was over 
100 but subsequently fell a little. 

On roentgen examination Oct. 21 1929 (Dr Saut) wide-spread and well-marked skeletal 
changes were found in the pelvis as also in the upper parts of both thighs, lumbar vertebrae 
and lower ribs as far as these parts were visible on the pelvic radiograms. See fig. 1. 3. 5. 
As will be observed in these pictures the upper part of the right femur and the right ileum 
are particularly seen to be affected. The bone is worn away over large areas without 
any reactive changes in the surroundings as in the osteoclastic form of tumorous metas- 
tases. The vertebral arch of L. III is destroyed and partly also that of L. II. Likewise 
the body of the fifth lumbar vertebra is seen to be the seat of definite changes. There is 
well-marked destruction of the lower ribs which appear to be extensively eroded. Thus 
of the 10th rib there is only a small portion to be seen on the right side and of the 11th rib 
the anterior part is missing on the left side. Other skeletal parts were not subjected to 
roentgen examination on this occasion, the reason being that one felt justified, appa- 
rently on good grounds, in diagnosing tumour metastases although no primary focus had 
been found. The thyroid gland was not enlarged and the blood calcium was not deter- 
mined. No special treatment was given. While in hospital the patient began to suffer 
aching pains in his right shoulder and was soon unable to move his right arm. Was trans- 
ferred to a cottage hospital near home where he stayed until May 7 1930. He was given 
no treatment but after two months he began to get better. The aching pains gradually 
abated, first in the back and hips and later also in the shoulder. He was gradually able 
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to sit up and in April he could walk with crutches. His condition subsequently continued 
to impreve all the time, so much so that at Christmas time 1930 he was able to walk and 
move about fairly comfortably without crutches, having no aches or pains. Later on there 
was still further improvement and increase in weight. 

Was readmitted for examination to the Surgical Department of Falun Hospital 
on July 6 1931 (Surgeon-in-charge: Dr. J. WALDENSTROM). His general condition was 
then satisfactory. There was slight lordosis of the pelvis and lumbar spine. In the lumbar 
and thoracic regions there were two quite small gibbi, the upper visible, the lower only 
palpable. Was able to stoop forwards and downwards reaching with his finger-tips 8—10 
em. from the floor. Flexion was almost normal in the hip-joints, but rotation and abduc- 
tion were markedly restricted. The head of the right humerus was more prominent for- 
wards than the left and the upper arm considerably shortened. On measuring from the 
acromion to the olecranon there was a difference of 3 cm. between the two sides but 
mobility was normal. The whole skeleton was now examined under roentgen. It was 
then observed that true healing had taken place in some places which had obviously 
been the seat of diseased changes during the acute stage. Thus one finds signs of such 
healed foci in the ulna and humerus near the elbow-joints and likewise in the tibia and 
femur near both knee-joints. Both femoral heads are deformed and flattened out and the 
shortened femoral necks have adopted a varus position. Calcification has increased but 
signs of extensive bone destructions are still to be seen in the form of translucent areas in 
the pelvis and upper ends of the femurs indicating that the process has not entirely cleared 
up. The changes formerly present in the arches of L. III and L. II have disappeared, 
likewise has L. V a normal appearance. L. III and Th. XI show a reduced height and a 
biconcave shape (fig. 6). Scoliosis of the thoracic spine, convex to the left. All ribs are 
now visible but irregular in shape and deformed showing that they all have been the 
seat of pathological changes (fig. 4.). The head of the right humerus and the upper part 
of its shaft are enlarged (fig. 7). The cyst-shaped translucent areas show that the process 
is not yet healed. It is evident that the head of the left humerus with adjacent parts of 
the scapula have also been affected but have now cleared up. 

Still further improvement after discharge from hospital. Has been up and about 
and been able to carry out mild indoor work. Is able to walk for as much as 3 English 
miles without any great pains in hips and back. Was readmitted for examination to the 
Surgical Department of Falun Hospital on Feb. 4 1932. Also this time the whole bony 
system was examined by roentgen. No fresh foci were found and the old ones showed 
still further healing barring the upper end of the right humerus whose appearance was 
about the same as on the last examination in July 1931. No changes in the skull. The 
patient was ordinarily nourished with a short and heavy build. He was walking with a 
stiff gait and stooping rather forwards with slight rotation to the left side, otherwise 
quite comfortable. He was able to stoop forward-downwards with fingertips touching 
the floor and with straight knees. There was a persistent gibbus over Th. VIII—Th. IX 
and over L. III a similar formation could be felt. Left-sided scoliosis in the thoracic region 
as before. Hip-joints and other joints also the same. The thyroid gland was of normal 
size, nor was there any suspicion of enlargement of the parathyroid glands. On roentgen 
examination of the trachea this was everywhere found of normal breadth and also of nor- 
mal position. On testing the calcium content of the blood twice by Tisdall’s method 
it was found to be 12 and 14 mgm % respectively. The Wassermann reaction of the blood 
had been tested earlier and been found negative. 

Since then the patient has kept in good health and been able to work. He is feeling 
better and stronger than before but gets some pains in the back and hip on doing heavy 
work. 

He was again readmitted for examination at the Falun Hospital at the end of Novem- 
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ber 1933. The bony system was again radiographed. No fresh diseased foci were found, 
Still further improvement had taken place of foci not earlier healed in the pelvis, upper 
ends of the femurs and the right caput humeri (fig. 2 and 8). The blood calcium however 
was raised as before, being 15 mgm % according to Tisdall’s method. 


This is the case then of a male patient aged 20 taken ill at the 
beginning of 1929 with general fatigue and lassitude. In the spring and 
summer severe aching pains supervened in the back and hip-joints. Pains 
and weakness increased, so much so that in the month of September he 
was unable to support himself on his legs but had to go to bed. Subse- 
quently his condition got rapidly worse. Was admitted to Hospital on 
Oct, 18 and was examined by roentgen. Well-marked bony changes 
were found in those parts of the bony system subjected to examination. 
The patient was in a very bad state with repeated vomiting, dizziness, 
perspiration and nystagmus, As the case was believed to be one of 
malignant tumour with bone metastases and consequently considered 
hopeless he was transferred to a cottage hospital near home after a 
month. 

Without any treatment whatsoever improvement gradually set in 
so that in April 1930 he was able to walk with crutches, leaving the 
cottage hospital in May. At Christmas time 1930 he could walk fairly 
well without support and the aching had entirely disappeared. He con- 


- tinued to improve still further and has been able to work since the summer 


1931, Roentgen examination was carried out on July 6 1931, Feb. 3 
1932 and Nov. 23 1933 and on all occasions one found progressive improve- 
ment and clearing up of the diseased foci. 

It is thus clear from the course of the disease that the original diag- 
nosis of malignant tumour with bone metastases was erroneous. It would 
instead seem to be a question of o. f. g. but, even for this disease, of an 
unusual course, 

Unfortunately no calcium examination was carried out during the 
florid stage of the disease. There was probably at that time a consider- 
able rise of the blood calcium value since in Feb. 1932, when the patient 
felt quite recovered, it was as high as 12 and 14 mgm % and in Nov. 1933 
15 mgm % as compared with normally 9—11 mgm % according to 
the method employed. 

Wrticu has written a paper on »Spontane Ausheilungsvorgiinge bei 
Osteodystrophia fibrosa». He describes there a case of a female patient 
whom he had followed from her 30th till her 56th year. Malignant tu- 
mour was suspected causing mutilating operations to be carried out, 
among others bilateral resection of the upper jaw. She gradually improved 
and the disease passed over into a more latent stage. On the radiograms, 
however, some cyst-shaped active foci in the bone are still to be seen. 
WILLIcH says: »Soweit ich die Literatur iibersehe, sind bei den bisher 
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beschriebenen Fallen von generalisierter Osteodystrophia fibrosa spon- 
tane Ausheilungsvorginge intra vitam mit Verschwinden der typischen 
Knochenherde bei Besserung des Allgemeinbefindens nicht beschrieben 
oder beobachtet worden». 

MeryYER-BorsTEt has however also described a case of beautiful spon- 
taneous healing. This patient, a female aged 24, also suffered from mor- 
bus basedowi wherefore bilateral resection of the thyroid gland was 
carried out. Although most of the diseased foci had cleared up well, so 
much so that they could scarcely be detected on subsequent radio- 
grams, fresh foci gradually developed in other places. The bones of the 
skull underwent changes giving the typical appearance of Paget’s disease 
as in WILLICH’s case earlier described. 

Other authors have also published cases where improvement had 
taken place without any operative treatment. So is BRADFIELD reporting 
on a case from Madras who had been followed up since 1913 when he was 
6 years old. The disease went from bad to worse until 1925 when it 
became stationary. At that time, however, he was severely crippled with 
well-marked skeletal deformities and pagetoid changes of the skull. 

Finally has DELMAs-MaRSALET recorded a case who improved after 
treatment by D vitamines and calcium-gluconate. It was the case of a 
female, aged 36. 

From the aforesaid it is evident that spontaneous improvement with 
restoration of some of the diseased foci in the bones may take place. 
The more often this kind of case has been published the more evident 
has it become that spontaneous remissions are common. 

Since the operated cases have as a rule been published immediately 
after the operation, not much is known of their further fate. Immedi- 
ately after the operation there has generally been a definite improvement 
of the general condition and the blood calcium has fallen, later again 
to rise. The roentgenological improvements are on the other hand more 
doubtful and in several cases new foci have been seen to arise after the 
operation. Regarding the first operated case by MANDL in 1925, a male 
patient, aged 38, I have been unable to find any statement about his con- 
dition later than 3'/, years after the operation. He was then walking 
badly and had to use a stick. The blood calcium had risen to 13—14 
mgm %. No roentgenological improvement. Nor has any of the other 
operated cases completely recovered. 

Many authors are therefore sceptical about the use of parathyroidec- 
tomy (Taurit, BorcHarD, Taurit says that after parathy- 
roidectomy »wurde wohl eine Riickkehr des gestérten Kalkstoffwechsels 
zur Norm erzielt, die Tumoren und Cysten bleiben jedoch unbeeinflusst.» 
A. Borcuarp: »— — — die Resultate ihrer Exstirpation sind absolut 
unsicher — — — 
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Adenomata of the parathyroid glands are probably only in part 
the cause of the disease. There is much evidence to indicate that several 
of the internal glands are affected and that therefore a pluriglandular 
disturbance is at hand. It is thus of common occurrence that Basedow’s 
symptoms are often present together with ostitis fibrosa and in women 
menstrual disturbances. Likewise adenomata of the parathyroids may 
be present without symptoms of o. f. g. For this disease to arise the ade- 
nomata must be toxic just as well as a goitre must be toxic for symptoms 
of Basedow’s disease to arise. Furthermore just as a Basedow patient 
may improve spontaneously or after suitable conservative treatment but 
most surely after resection of the toxic gland, it would probably be found 
also in o. f. g. that removal of the toxic adenoma will be the most reliable 
means for improving the conditions. 

Like most anatomists MEYER-BorsTEL is of the opinion that ostitis 
fibrosa Recklinghausen and ostitis deformans Paget are one and the same 
disease and that the latter is only one stage of repair of the former or one 
form of it occurring at some particular age. In support of this conception 
he quotes his own case as well as WILLICH’s above-mentioned case. In 
both these cases, in the later stages of the disease, changes in the skull 
occurred typical of Paget’s disease as also a bi-concave shape of the ver- 
tebrae, also considered by him to be typical of ostitis deformans. In many 


‘eases the disease would run such a mild course in the generally young 


patients in the stage of ostitis fibrosa as to be only detected in later years 
when the deformities subsequently appear. In BRADFIELD’s case too 
there was enlargement and deformity of the skull as in Paget’s disease 
and similarly in a case described by K6n1c which however showed no 
tendency to recovery. From clinical and roentgenological quarters, 
however, it is definitely held that it is a question of two different diseases 
which have nothing in common. ScHMOoRL, a pathologist, who has close- 
ly studied these conditions and who earlier has been a unitarist has. 
changed his mind during continued investigations and now takes side 
with the dualists. 

In my own case two of the vertebrae have, it is true, a biconcave 
shape but there is no changes in the skull even at the last examination 
in November 1933. This is noteworthy since, as mentioned above, a 
change of that nature was present in all the reported cases showing 
relative recovery without parathyroidectomy. My case is moreover 
peculiar for this reason that so well-marked and extensive skeletal changes 
showed recovery with so mild deformities and so relatively slight in- 
validity. As will be evident from the radiograms and the raised blood 
calcium values the recovery, however, cannot be regarded as definite. 
One will have to be prepared for a fresh flare-up of the disease. 
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SUMMARY 


After having emphasized that the prognosis in generalised ostitis fibrosa is no longer 
so hopeless, since adenomata of the parathyroid have been found and removed in this 
disease, the author describes a case who recovered without any treatment. 

It was the case of a man 20 years old at the first examination in 1929. In the course 
of not quite 12 months his condition had rapidly grown worse and he remained in bed 
with severe aching pains and great fatigue. Radiographic examination of the skeleton 
showed well-marked destruction of bone then believed to be due to tumour metastases. 
Gradually spontaneous improvement set in, so that after about six months he was able 
to walk about with the help of crutches and after another six months he was able to walk 
quite well without support. Shortly afterwards he began to work and has ever since 
been subjectively well and able to work. On repeated roentgen examination one has 
found progressive healing of the diseased foci in the bones. Blood calcium, however. is 
still above normal indicating that no definite recovery has as yet taken place. 


ZUSAMMENFASSUNG 


Nach einem Hinweis darauf, dass die hoffnungslose Prognose bei Ostitis fibrosa 
generalisata besser geworden ist, seit man das Parathyreoideaadenom bei dieser Krank- 
heit gefunden hat und entfernt, teilt Verf. einen Fall mit, der ohne jegliche Behandlung 
symptomfrei geworden ist. 

Es handelt sich um einen Mann, der bei der ersten Untersuchung im Jahre 1929 
20 Jahre alt war. Im Laufe von nicht ganz einem Jahre hatte sich sein Zustand rasch 
verschlechtert, er wurde bettligerig und litt an schweren Schmerzen sowie an starker 
Mattigkeit. Die Réntgenuntersuchung des Skeletts zeigte hochgradige Knochenzer- 
stérungen, die man auf Tumormetastasen zuriickfiihrte. Allmahlich trat spontan eine 
Besserung ein, so dass Pat. nach 1/, Jahre mit Kriicken und nach einem weiteren halben 
Jahre gut ohne Stiitze gehen konnte. Kurze Zeit danach begann er zu arbeiten und ist 
seither subjektiv gesund und arbeitsfihig. Bei wiederholten Réntgenuntersuchungen 
fand man eine fortschreitende Ausheilung der Knochenherde. Der Blutkalkwert ist 
jedoch immer noch erhéht, was darauf deutet, dass keine definitive Heilung eingetreten 
ist. 


RESUME 


Aprés avoir signalé que le pronostic désespéré de l’ostéite fibreuse généralisée s'est 
notablement amélioré depuis qu’on a découvert et excisé, dans cette maladie, un adé- 
nome de la parathyroide, l’auteur communique un cas qui guérit sans aucun traitement. 

Il s’agissait d’un homme qui, 4 la date du premier examen, en 1929, était Agé de 20 
ans. Dans l’espace de moins d’un an, son état s’était notablement et rapidement aggravé; 
il avait da garder le lit avec de vives douleurs et une grande faiblesse. L’examen radio- 
logique du squelette révéla des lésions osseuses avancées, que |’on attribua 4 des métas- 
tases néoplasiques. II se produisit peu 4 peu une amélioration spontanée: au bout de six 
mois, le malade pouvait se lever et marcher a l'aide de béquilles, et six mois plus tard 
il marchait sans appui. Il recommenga peu aprés a travailler et a depuis été subjective- 
ment exempt de symptémes et capable de travailler. Des examens radiologiques 
répétés ont permis de constater une guérison progressive des foyers osseux. La 
teneur du sang en chaux reste cependant élevée, ce qui indique qu'il n’y a pas encore 
de guerison définitive. 
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Fig. 1. Oct. 21 1929. 


Fig. 2. Nov. 23 1933. 
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Fig. 4. July 8 1931. 
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Tabula XXX VII 


Fig. 5. Oct. 21 1929. 


Fig. 7. 


July 8 1981. 


Fig. 6. July 8 1951. 


Fig. 8. Nov. 23 1933. 
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FROM THE RONTGEN DEPARTMENT OF THE MUNICIPAL HOSPITAL IN OREBRO. 
(CHIEF: DR. T. LARSEN) 


A CONTRIBUTION TO THE KNOWLEDGE OF TERA- 
TOMAS AND DERMOIDS IN THE ANTERIOR 
MEDIASTINUM’ 


by 
B. Hammarskjéld 


(Tabule XXXVITI—XL) 


The rather frequent occurrence of embryonic malformations in the 
anterior mediastinum has been studied and described by many authors. 
Nevertheless the literature, particulary in regard to the genesis and char- 
acteristic réntgenological changes, is not only incomplete but also partly 
misleading. Therefore an amplification in these directions, in connection 
with 2 cases of mediastinal teratoma examined in the réntgen department 
here, seems to be rather well justified. 


Case I is that of an office clerk, B. P., 22 years of age, who was admitted to the 
Réntgen Department of Orebro Hospital "/,. 1933 and died there */,, 1933. 


History: The mother and her relatives give no history of interest. The paternal 
grandmother died of metastases from a cancer of the breast and the father at 31 years 
from metastases of a sarcoma of the right testis. The father’s hospital chart from Nyké- 
ping reads as follows: 

»Sarcoma of the right testis with metastases in the lungs and other organs. History: 
The patient has had a non-painful growth in the right testis for many years. For the last 
two months he has suffered from severe pain in the back and bones and has not been 
able to sleep. Status: A firm, smooth fist-sized tumor on the site of the right testis. 
*/,. Extirpation of the testis. Pain in the back and bones became more and more severe 
until at last only large doses of morphine gave any relief. Difficulty in breathing devel- 
oped and increased until it resulted in death "*/, 1913. At autopsy the lungs, liver and 
spleen were full of metastases.» 

The following may be added to the above history: The tumor of the right testis 
caused no difficulty until shortly after a severe trauma to the scrotum in September 1912. 
The testis then increased in size and pain developed in the small of the back and in the 
bones and was interpreted as sciatica. There was also loss of weight and strength. In 


* Submitted for publication March 5th, 1934. 
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January 1913 his general condition became rapidly worse until he was unable to work. 
He was then admitted to Nyképing Hospital. 

This is a case where a tumor of the right testis of many years standing apparently 
became rapidly malignant in connection with a traumatic injury. It seems not improbable 
that it was a testicular teratoma although the hospital chart supplies no absolute proof. 
(Author). 

A brother 20 years of age is well. He was examined in November 1933 with attention 
to both testes and mediastinum and the findings were negative. There is no other family 
history of interest. 

On the whole the patient has always been well until the fall of 1932 when he was in 
hospital with a left-sided »pneumonia», characterized by a high, fluctuating temperature 
and severe attacks of coughing with sanguinous expectoration. He recovered rapidly 
after three weeks illness and was well and strong during the spring and summer of 
1933 except for an occasional cramp in the region of the left shoulder blade. There was 
no cough. Positive Pirquet. In March 1933 he was réntgen-examined with reference 
to the cramp. Réntgen report '°/, 1933: »Uniform diaphragmatic movements. Sinuses 
free. Left lung: In the left hilus there is a lymph-node mass measuring 8 cm. from 
above down and 5—6 cm. between the lateral border and the great vessels. There are 
no parenchymal changes. Right lung: No abnormality. This is a case with changes in 
the lymph-nodes of the left hilus.» (Figs. I and II.) 

After a period of tiredness, weakness and loss of appetite he coughed up reddish strips 
of mucous several times in one week. His réntgen report then, 7/1, reads: »At the previous 
examination a left-sided rather massive area of density was found, which was considered 
to consist of hilus lymph-nodes. There was reason to suspect a hilus lymph-node tuber- 
culosis. On renewed examination the nodes are still of the same size, but in both lung 
fields unequal, round areas of density have appeared, which are sharply limited and 
which cannot be explained on the basis of tuberculosis. A more malignant process must 
be present. The picture is most like that of lymphosarcoma but lymphogranulomatosis 
cannot be excluded» (Fig. III). 


As a result of this examination the patient was admitted to the réntgen department 
of Orebro Hospital "/,, 1933 for radiotherapy. 


Status: Afebrile. A normally built young man of healthy appearance and in good 
condition. Weight 67.7 kilos. Sedimentation Reaction 28 mm. Hemoglobin 108 %. 
R. B. C. 5,110,000. W. B. C. 11,700. Differential diagnosis: Segmented nuclei 44 %, 
band forms 32 %, eosinophils 4 %, lymphocytes 16 %, monocytes 4 %. Normal red blood 
cells. Lungs: No definite changes in the respiratory sounds. Heart: No abnormality. 
Abdomen: Soft, not tender and no pathological areas of resistance. No pathological 
changes in the superficial lymph-nodes. 


13/,, 1933. Réntgen treatment was begun over the left lung centering over the tumor 
from in front. Dosage: 1/, with tin filter at 40 cm. This treatment was alternated with 
the same dose over the right lung, centered over the nipple. Each side received 5 treat- 
ments in the course of 12 days. There was no subjective discomfort from the treatments. 
At réntgen examination **/,, (Fig. IV) there was a definite progression of the metastases 
and it was suspected, that the case was not lymphosarcoma, which usually reacts 
promptly to radiotherapy. However treatment was continued from behind until */,9. On 
this day the patient shoved definite signs of metastasis in the right motor area. The Se- 
dimentation Reaction was 56 mm. The first signs of metastasis in the brain had appeared 
18/, when the patient had a short epileptiform attack with involvement of the left facial 
nerve. There was a similar attack four days later. */,) Paralysis of the left arm devel- 
oped without loss of sensation and a few days later complete paralysis of the left half of 
the body. The condition became worse, and death occurred §/,, 1933. 
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Fig. V. 
1. Hair. — 2. Cysts. — 3. Chorionepithelioma. — 4. Skin. — 5. Cartilage. 


There is no doubt, that metastasis to the brain had taken place, and the rapidly 
progressive symptoms can scarcely be explained except on the basis of a hemorrhage in 
the metastatic area. 


Autopsy: A fist-sized tumor mass, intimately adherent to the aorta and situated 
chiefly on the left, was found in the anterior mediastinum, well separated from the other 
mediastinal organs. On macroscopic section the tumor turned out to be a typically complex 
dermoid cyst with skin and haircovered areas in the center as well as masses of matted 
hair, small cysts, cartilage, connective tissue and small areas of macroscopically unde- 
finable character. (Fig. V.) The lungs were infiltrated with hemorrhagic metastases up 
to the size of Spanish hazel-nuts. There were no metastases in the other organs and no 
other abnormalities. Dr. I. BEnRine’s microscopic report reads: »Cystic teratoma of the 
mediastinum with malignant degeneration and pulmonary metastases (Chorionepithelioma). 

The mediastinal tumor, the size of a goose egg, consists chiefly of cysts which project 
dermoid formations the size of a finger tip. Microscopically these masses are covered by 
hyperkeratotic squamous epithelium without papillae and with hair follicles and seba- 
ceous glands. In the teratomatous tissue there are also acinar glands, cystic spaces lined 
by cylindrical or cubical epithelium, cartilage, fat and connective tissue or, in other words, 
adult tissue from the three germinal layers. The tumor is thus a cystic teratoma or a 
complex dermoid cyst. 

The teratoma contains proliferations of a malignant tumor of peculiar microscopic 
structure. These areas are formed of two histologically distinct tumor elements. There 
are relatively well-defined, medium-sized cells with light protoplasm and round, oval or 
somewhat irregular nuclei, and there is also syncytial tissue with masses of extremely 
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irregularly formed, often enormous nuclei. The syncytial tissue sometimes appears as 
the covering layer over the other type of tumor cells but occasionally seems to be more 
irregularly distributed in the tumor mass. The tumor strands are often imbedded in areas 
of hemorrhage. 


The structure of the tumor seems to conform very well to that of a chorionepithelioma 
which is rather common among teratomas. 


The pulmonary metastases show the same microscopic structure as the primary 
tumor.» 


Summary: A 22 years old man, whose father, as far as can be deter- 
mined, died of a testicular teratoma with malignant degeneration and 
organic metastases, was réntgen-examined in March 1933 because of a 
positive Pirquet and occasional attacks of pain in the side since pneu- 
monia in the fall of 1932. The examination demonstrated the presence 
of a massive area of density in the left hilus, which seemed explainable on 
the basis of a lymph-node enlargement, probably tuberculous in nature. 
The patient was completely well until the fall of 1933 when, in addition 
to the pain in the shoulder region, he began to cough up blood-stained spu- 
tum. He was réntgen-examined again and numerous round areas of den- 
sity were found in both lungs. The hilus changes were as before. Tuber- 
culosis could be excluded and lymphosarcoma or possibly lymphogranu- 
lomatosis was diagnosed. As however the radiotherapy was without 
. effect and the process progressing, the diagnosis of lymphosarcoma be- 
came doubtful. Treatment was stopped and the patient soon died of 
cerebral metastases. Autopsy showed the presence of an anterior medias- 
tinal, cystic teratoma containing chorionepithelioma tissue which had 
metastasized to the lungs and brain. 


Up to the present only three cases of chorionepithelioma tissue in 
human mediastinal teratoma have been reported in the literature. In 
cases of metastasizing chorionepithelioma ARENDT mentions the typical 
occurrence of low hemoglobin and red blood cell values, which are sup- 
-posed to be due to the profuse hemorrhage in the metastasis. The normal 
red blood cell picture and the high hemoglobin value in Case I are there- 
fore of interest. 


Case II is that of a stone mason T. O., 28 years of age, who is at present at home 
waiting to be admitted to Orebro Hospital for operation. 

History: No tuberculosis in the family and no diseases of the blood. Parents, brothers 
and sisters well. Unmarried. 

On the whole the patient has always been well until September 1933 when for a few 
weeks he had a troublesome cough with an insignificant amount of non-sanguineous 
sputum. Temperature about 38—39°. No pulmonary changes were found on clinical 
examination. There were no tubercle bacilli in the sputum. During the fall, he had 
occasional periods of irritating coughing but was otherwise well and able to work. There 
were no symptoms of intrathoracic compression. 
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Fig. V. 
1. Hair. — 2. Cysts. — 3. Chorionepithelioma. — 4. Skin. — 5. Cartilage. 


There is no doubt, that metastasis to the brain had taken place, and the rapidly 
progressive symptoms can scarcely be explained except on the basis of a hemorrhage in 
the metastatic area. 

Autopsy: A fist-sized tumor mass, intimately adherent to the aorta and situated | 
chiefly on the left, was found in the anterior mediastinum, well separated from the other 
mediastinal organs. On macroscopic section the tumor turned out to be a typically complex 
dermoid cyst with skin and haircovered areas in the center as well as masses of matted ( 


hair, small cysts, cartilage, connective tissue and small areas of macroscopically unde- 
finable character. (Fig. V.) The lungs were infiltrated with hemorrhagic metastases up 
to the size of Spanish hazel-nuts. There were no metastases in the other organs and no 
other abnormalities. Dr. I. BEHRING’s microscopic report reads: »Cystic teratoma of the 
mediastinum with malignant degeneration and pulmonary metastases (Chorionepithelioma). 

The mediastinal tumor, the size of a goose egg, consists chiefly of cysts which project 
dermoid formations the size of a finger tip. Microscopically these masses are covered by 
i hyperkeratotic squamous epithelium without papillae and with hair follicles and seba- 

7 ceous glands. In the teratomatous tissue there are also acinar glands, cystic spaces lined 
" . by cylindrical or cubical epithelium, cartilage, fat and connective tissue or, in other words, 
oF adult tissue from the three germinal layers. The tumor is thus a cystic teratoma or a 
complex dermoid cyst. 

The teratoma contains proliferations of a malignant tumor of peculiar microscopic 
structure. These areas are formed of two histologically distinct tumor elements. There 
are relatively well-defined, medium-sized cells with light protoplasm and round, oval or 
somewhat irregular nuclei, and there is also syncytial tissue with masses of extremely 
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irregularly formed, often enormous nuclei. The syncytial tissue sometimes appears as 


the covering layer over the other type of tumor cells but occasionally seems to be more 
irregularly distributed in the tumor mass. The tumor strands are often imbedded in areas 
of hemorrhage. 


The structure of the tumor seems to conform very well to that of a chorionepithelioma 
which is rather common among teratomas. 


The pulmonary metastases show the same microscopic structure as the primary 
tumor.» 


Summary: A 22 years old man, whose father, as far as can be deter- 
mined, died of a testicular teratoma with malignant degeneration and 
organic metastases, was réntgen-examined in March 1933 because of a 
positive Pirquet and occasional attacks of pain in the side since pneu- 
monia in the fall of 1932. The examination demonstrated the presence 
of a massive area of density in the left hilus, which seemed explainable on 
the basis of a lymph-node enlargement, probably tuberculous in nature. 
The patient was completely well until the fall of 1933 when, in addition 
to the pain in the shoulder region, he began to cough up blood-stained spu- 
tum. He was réntgen-examined again and numerous round areas of den- 
sity were found in both lungs. The hilus changes were as before. Tuber- 
culosis could be excluded and lymphosarcoma or possibly lymphogranu- 
lomatosis was diagnosed. As however the radiotherapy was without 


. effect and the process progressing, the diagnosis of ]}ymphosarcoma be- 


came doubtful. Treatment was stopped and the patient soon died of 
cerebral metastases. Autopsy showed the presence of an anterior medias- 
tinal, cystic teratoma containing chorionepithelioma tissue which had 
metastasized to the lungs and brain. 


Up to the present only three cases of chorionepithelioma tissue in 
human mediastinal teratoma have been reported in the literature. In 
cases of metastasizing chorionepithelioma ARENDT mentions the typical 
occurrence of low hemoglobin and red blood cell values, which are sup- 


-posed to be due to the profuse hemorrhage in the metastasis. The normal 


red blood cell picture and the high hemoglobin value in Case I are there- 
fore of interest. 


Case II is that of a stone mason T. O., 28 years of age, who is at present at home 
waiting to be admitted to Orebro Hospital for operation. 

History: No tuberculosis in the family and no diseases of the blood. Parents, brothers 
and sisters well. Unmarried. 

On the whole the patient has always been well until September 1933 when for a few 
weeks he had a troublesome cough with an insignificant amount of non-sanguineous 
sputum. Temperature about 38—39°. No pulmonary changes were found on clinical 
examination. There were no tubercle bacilli in the sputum. During the fall, he had 
occasional periods of irritating coughing but was otherwise well and able to work. There 
were no symptoms of intrathoracic compression. 
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Since the middle of December 1933 he has had a still more troublesome cough. Tem- 
perature about 38°. Renewed examination of the lungs °/, 1934 showed decreased breath 
sounds over the lower half of the right lung. Otherwise nothing remarkable. Réntgen- 
examination #/, (Figs. VI and VII). Uniform diaphragmatic movements. Sinuses free, 
In the anterior mediastinum to the right of the midline, there is a large tumor of the 
soft tissues, reaching almost up to the sterno-clavicular articulation on that side. The 
lateral boundary extends out to within 2 centimeters of the chest wall and the lower 
border to within four centimeters of the cupola of the diaphragm. The tumor has the 
same density as the adjacent vessels and heart and therefore cannot be separated from 
them. Its periphery is limited and shows a wave-like contour. The tumor does not 
seem to be attached to the anterior thoracic wall. The trachea is not displaced and there 
is no decrease in the air content of the lungs. The picture is that of a mediastinal tumor 
with extension to the right. Probably a teratoma. 

The patient was admitted "*/, to Orebro Hospital. 

Status: Good general condition. Somewhat pale. Afebrile. No abnormality of the 
superficial lymph-nodes. Heart: Left border 9 cm. from the midline. Sounds clear. 
No arythmia. Blood pressure 140/95. Lungs: Dullness on the right from the 2nd inter- 
costal space to the base where a slight clearing up can be detected. Decreased breath 
sounds within the area of dullness. No accessory sound. The left lung shows no abnor- 
mality. Blood picture: Hemoglobin 88 %, R. B. C. 4,500,000, W. B. C. 10,400, 5 % 
band forms, 69 % segmented nuclei, 3 % eosinophilia, 20 °% lymphocytes and 3 % mono- 
cytes. Normal red blood picture. Sedimentation. Reaction, 51 mm. in 1 hour. Urine: 
Heller, Almén negative. Urobiline positive. Specific Gravity 1.026. 

%2/,. Blood picture. Hemoglobin 88 %, R. B. C. 4,880,000, W. B. C. 10,000. Sedi- 
mentation Reaction, 41 mm. in 1 hour. 

30/,. Réntgen examination (Figs. VIII and IX): Left lung as before. Right lung: 
The upper border of the tumor has exactly the same appearance as at the previous ex- 
amination. No displacement of the trachea. Normal air content in the upper parts of the 
lung. Inferiorly and laterally the configuration of the tumor cannot be seen on account 
of the fluid in the lower part of the pleural cavity. There is a question whether this effu- 
sion in the right pleural cavity has come from the fluid contents of the tumor, for the 
existence of a cystic teratoma is suspected. 


On pleural punction the next day about '/, liter of light greenish-yellow, thick, oily, 
opalescent fluid was obtained. After this was centrifuged, the sediment contained what 
were suspected to be strands of hair and squamous epithelial cells. The material was sent 
to Dr. I. Benrine whose report reads as follows: 


»The sediment consists of masses of fibrin, infiltrated with leucocytes and occasional 


single or paired cells which do not seem to be of inflammatory origin. They have a dis- 
tinct protoplasma often irregular in outline and a rounded pale nucleus with a definite 
nucleolus. They give the impression of being related to epithelium and there is no reason 
to believe they could not be squamous in character. There is no clearly defined dermoid 
formation. The material does not allow of a more definite conclusion. 


When one breaks up one end of the material suspected of being hair it behaves like a 
net-work of fine threads. Under the microscope the threads appear as distinct, well de- 
fined, translucent, otherwise homogeneous structures with a central filament corres- 
ponding to that in a hair. These could scarcely be anything but matted hairs except that 
one must consider the dried-up nature of the specimen.» 


This report provided of course no absolutely definite support for the theory, that 
the contents came from a dermoid, but the diagnosis of teratoid tumor was somewhat 
strengthened. Further reasons for believing in the correctness of the diagnosis were the 
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lack of result from provisional réntgen treatment of the tumor and the result of the 
Aschheim-Zondek test with the urine. This reaction came out as follows: All the mice 
except two, which died before the ordinary time for autopsy, showed a somewhat enlarged 
uterus and also rather enlarged ovaries without however any hemorrhages or corpora 
lutea (Vassén). (Re-examination with concentrated urine shows corpora lutea.) 
During the last week in Hospital, from which the patient was discharged 1°/,, there 
was some blood-staining of the sputum. His general condition continues to be good.t 


Summary: A man 28 years of age was réntgen-examined because of 
unexplainable clinical changes in the lungs. A large tumor was found 
extending to the right in the anterior mediastinum. A primary diagnosis 
of teratoma was made, chiefly on the basis of the location of the tumor, 
its homogeneous character, its sharp, wavy contour and the absence of 
displacement of the trachea or of bronchial compression in spite of the 
considerable size of the tumor. On réntgen examination a few weeks later 
an exudate was found in the right pleural cavity. On puncture a green- 
ish-yellow, slimy fluid containing hair, drops of oil and squamous epi- 
thelial cells was obtained. There is no reason to suspect the presence of 
an inflammatory process. The pleural exudate is probably made up of 
the contents of one of the cysts which is adherent to the pleural cavity. 

This case is perhaps not of such great interest as the first but has been 
included in order‘to supplement the réntgen pictures of mediastinal tera- 
tomas. 


Case III is included only because it is rather unusual. A man K. 8., 43 years of 
age, was operated upon in 1926 in Orebro Hospital for a tumor of the testis which micro- 
scopically proved to be a teratoma. The specimen was examined by VESTBERG, who gave 
a lengthy and detailed report on the different tissues in the tumor. He concluded the 
report by stating that the embryonic, immature, cellular structures which usually distin- 
guish malignancy were lacking. (Re-examination of the tissue has also shown, that 
there is no evidence of malignancy.) The patient returned in 1929 because of diffuse 
disturbance in the lungs. On réntgen-examination °/,, 1929 (Fig. X—X1]), a large tumor, 
bulging forward and to the left, was found in the upper part of the mediastinum. The 
tumor extended 7 cm. lateral to the aortic curvature and from the apex down to the 
third cost in the nipple line. The outline was rounded and the structure rather 
homogeneous. Several series of réntgen treatinents produced no change in the appearance 
of the tumor except that it became more rounded and after 5 months was pressing the 
trachea over to the right. No specimen of the lung tumor was obtained. 

This seems to be a case of testicular teratoma and not improbably a cystic, embryo- 
nic formation within the mediastinum. The tumor does not behave like a metastasis. 
The réntgen treatment was ineffective and the testicular teratoma showed no micro- 
scopic evidence of malignant degeneration. The rounder shape of the mediastinal tumor 
at the time of the last examination seems to be explainable on the basis of an increase in 
the cystic content with greater distention of the cyst wall. Réntgenologically this case 
corresponds rather well with the typical picture of a mediastinal dermoid cyst and there- 
fore it is not included in the subsequent discussion of the typical réntgen picture of a 
solid teratoma. 

1 The patient was operated upon in Orebro Hospital 27. 2.34. Dr. I. Benrine’s 
microscopic report reads: »Teratoma without malignant degeneration). 
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Genesis 


By the term dermoid one usually means a cystic tumor whose wall 
has the same structure as that of the skin and whose contents are made 
up of hair, teeth, oil, sebaceous masses and cholesterin. Dermoids can be 
looked upon as absolutely benign structures. They are supposed to arise 
from isolated epithelial rests, situated particularly in places where the 
epidermis has been invaginated or where grooves and fissures have 
closed during the course of development. In these cases it is a matter of 
purely local malformation, arising during the stage of embryonic develop- 
ment when the blastomeres have already differentiated into the different 
germ layers. 

The origin of the mediastinal teratoma is less clear. A great number 
of theories have been advanced and discarded. Around the close of the 
last century it was generally considered that a teratoma was to be regar- 
ded as a tumor, due to the inclusion of a twin (DANescuatT and others). 
According to EKEHORN, it was a matter of repressed development of a 
thoracopagus, where the normally developing foetus grew around and en- 
closed the one, whose growth was inhibited. An explanation fundament- 
ally opposed to this theory of foetal inclusion was advanced by R1iBBERT, 
who believed, that the origin of the teratoma was an undifferentiated 
group of cells corresponding to or very closely related to the ovum. On 
the whole Wim’s theory of the origin of teratoma from a parthenogeneti- 
cally developing egg is in agreement with that of RrpBERT. WILM’s con- 
ception was modified by BoNNET and MarcHanp so that the tumor was 
ascribed to the isolation of blastomeres from the normal cell masses in an 
early stage of embryonic development. These isolated blastomeres then 
undergo a restrained development within that part of the embryo, where 
they happen to lie. BupDE subscribes to this theory in all essential points 
and localizes the time at which the isolation of the blastomeres occurs 
to the embryonic developmental stage, during which the primitive in- 
testinal cavity is formed. 

It is natural that theoretical speculations alone can never lead to an 
explanation of the origin of teratomas which will be acceptable to all 
concerned. As long as fully convincing experimental results are lacking, 
one is forced to seek for a plausible solution of the question by theoretical 
means. First of all it becomes a question of eliminating either the twin or 
the blastomere theory. The blastomere origin seems to be generally 
regarded as the most probable as is also evident from the following dis- 
cussion. 

The zygote divides primarily into two blastomeres, which afterwards 
by repeated mitosis give rise to the so-called morula. As a result of fa- 
vorable conditions of nourishment the morula grows rapidly. Fluid 
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begins to be excreted within it, the cells turn aside and form, except 
the trophoblast, the so-called embryonal node, which soon differentiates 
into two cell complexes, ectodermnode and entodermnode. At first these 
are compact groups of cells but soon two cavities form, the amniotic and 
the primitive intestinal cavities. Between these two lies the primitive 
embryonal anlage, consisting of ectoderm and entoderm to which the me- 
soderm attaches itself. In this way the three primitive layers are formed. 

The zygote is multipotent, that is to say it can produce any type of 
cell in the human organism. The blastomeres have a similar capacity. 
But with the formation of the three germinal layers this multipotency is 
lost and each layer can only give rise to a special type of cells. No reunion 
can take place between these different layers once they are formed. 
As no part of the body is composed of the varying number of different 
tissues, which go to form a teratoma, it seems probable that the latter 
cannot arise from cellular degeneration within a limited area of the body. 
A teratoma cannot therefore be imagined as developing after the formation 
of the three germinal layers but rather before their development, when all 
the blastomeres have their full potentiality. What is more natural, than 
that a certain number of blastomeres become freed from the normal cell 
groups in the morula or blastosphere and pursue a separate development. 
These cells are then left behind in the embryo, probably in the immediate 


- neighborhood of the primitive intestinal cavity. As BUDDE states, tera- 


tomas are encountered everywhere within or near those parts of the body, 
which are developed from the primitive intestinal cavity, for example the 
orbit, the hypophyseal region, the upper jaw, the pharynx, the medias- 
tinum, the abdomen, the sacrum ete. The fact that they can also occur in 
the extremities is explained by assuming that they have been included in 
the buds for the extremities. 

The blastomeres which contribute to the formation of a teratoma are 
capable of giving rise to every imaginable type of tissues. These tissues 
can explicably enough undergo malignant degeneration just as well as 
tissues within the normally developed human organism. The occurrence 
of malignant tumor components within a teratoma is therefore easy to 
explain, at least as far as cancer and sarcoma are concerned. But how is 
one going to interpre’ chorionepithelioma tissue especially in extragenital 
teratomas in men as well as in women? As is known, chorionic tissue 
appears in women in connection with fertilization of the ovum and is a 
part of the foetus. It is therefore impossible that the tissue could be 
formed within a teratoma during its growth. As the chorionic anlage 
therefore must have been present from the embryonic period, the question 
arises: Is this a question of the inclusion of a foetus with the attached 
chorion or has the tissue developed in accordance with the blastomere 
theory? The first supposition is altogether too far-fetched to be accep- 
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a the host has developed. The isolation of the blastomeres must have taken 

“lf place before the differentiation into the three germinal layers began. 
Probably from the very beginning the misplaced blastomeres are situated 
in the neighborhood of the primitive intestinal cavity. 

Why then is the blastomere conception more acceptable than the 
so-called twin theory? It has already been pointed out, that the chorionic 
tissue in an extra-genital teratoma should very probably be considered 
: as arising from isolated blastomeres in the cell mass, from which the host 
=. is developed. The less probable idea, that chorionic tissue should have | 
; been attached to an included twin, is the only remaining possibility which 
can explain the occurrence of chorionic tissue in an extragenital teratoma. 
But aside from this there exists other significant evidence against the 
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~~" table and therefore only one explanation remains, namely the blastomere ( 
‘ theory. In as far as this theory holds good for the extragenital teratomas, 
- it can also serve to clarify the genesis of chorionepithelioma of the testis, ( 
an It seems to be considered that these tumors arise in the same way as the 
2 teratomas, that is to say, a testicular chorionepithelioma is in reality a ( 
th teratoma although developed in one direction. 
14 | As a conclusion to the above discussion one may say: The mediastinal 
an teratomas are not the result of the inclusion of a twin but have arisen ) 
vd a from isolated multipotent blastomeres within the morula, from which ( 


theory of foetal inclusion. It is extremely seldom that one finds a tera- 
toma attached by a pedicle to the anterior chest wall or situated outside 
or in the wall, an event which should occur, if this were actually a matter 
of a thoracopagus. In 1896 WoOLLERMANN described the case of a young | 
man with an intra-abdominal teratoma, which looked somewhat like a ' 
foetus and had undoubted signs of the female tissue components. In this ' 
case there could be no reasonable question of a foetal inclusion, as 
enzygotic twins are always of the same sex. Many other such examples 


could be quoted. 


Symptomatology 


The existence of embryonal, mediastinal malformations is usually 
recognized before the age of 30, and the symptoms depend either on an 
increase in the cystic content and secondary distention of the cyst wall or 
_ upon a malignant degeneration of the teratoma. There is often a rapid 
increase in the growth of the dermoid in connection with puberty (Dane- 
scHaT). The malignant degeneration is chiefly sarcomatous or carcino- 
matous in character. 

The symptoms are relatively vague. At times there is a feeling of op- 
pression and congestion and sometimes an irritating cough or catarrhal 
changes in the air passages. There is rather often a sensation of cramp 
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or intrathoracic pain. In a number of cases a forward bulging of the tho- 
racic wall has been observed (KiiCKMANN, BASTIANELLI and others), and 
either fluctuations or weak pulsations could be felt. A rather constant 
phenomenon is the presence of blood-streaked sputum. The diagnosis 
of dermoid has also been made by means of a puncture of the cyst through 
the thoracic wall. Perforation into the pleural cavity or bronchi is not at 
all unusual. In the latter case there is an intensively irritating cough as 
well as expectoration of the contents of the dermoid. Aneurysm, echino- 
coccus cyst and intrathoracic goitre must be considered in the differential 
diagnosis. A teratoma has considerably less distinctive symptoms, which 
makes the differentiation more difficult. No typical clinical changes out- 
side those already mentioned for dermoid cysts could be discovered in 
the small number of cases examined. 


Réntgenological Diagnosis 


One of the first cases of réntgenologically diagnosed, mediastinal der- 
moid cysts seems to have been published by KAxsTLE in 1909. This case 
already had a definite clinical diagnosis as the patient had coughed up 
typical dermoid contents. The réntgen-examination demonstrated an 
area of density in the left half of the thorax which could not be separated 


- from the heart shadow. It had an arch-shaped, sharp border which ex- 


tended out to the nipple line. There was no pulsation in this area and it 


was not involved in the movements of breathing and swallowing (Fig. © 


XII: 1). On the lateral film a definite pedicle could be demonstrated. 
Wet has described a similar case where within the tumor shadow there 
were also areas suggestive of teeth or bony structures. 

The general agreement as to the réntgenological appearance of der- 
moid cysts is clearly shown by the latest reports in this field (AssMANN, 
LieBMANN, CHAOUL and others). However it is remarkable, how general 
the conception seems to be, that teratomas have the same appearance. 
ASSMANN considers that teratomas as well as dermoids give a round, 
even shadow which is sharply outlined against the adjacent pulmonary 
tissues. His handbook contains a supposedly typical radiogram which is 
reproduced schematically in fig. XII: 2. LieBMaNN writes in Schintz- 
Baensch-Friedl in 1932: »Dermoidzysten sowie mit Flimmerepithel ausge- 
kleidete Zysten und Teratome sitzen im vorderen, meistens oberen Me- 
diastinum und fallen durch scharfe, einheitlich bogige Begrenzung, meist 
intensive Verschattung und rundliche Form auf. Sie liegen fast immer 
asymmetrisch und lingsorientiert (LENK).» Fig. XII: 6 gives a schematic 
reproduction of the réntgen film upon which LrzBMANN bases his opinion. 
HENRI CHAOUL is more reserved in his conception and states that rontgeno- 
logical findings have only occasionally been published. He refers to 
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ASSMANN and KagsTLE and reports two own cases (Fig. XII: 4 and XII: 3), 
the first a dermoid cyst which was diagnosed clinically by means of punc- 
ture and the second a ciliated epithelial cyst which was at first interpret- 
ed as an echinococcus cyst. In a very recent paper HEDBLoM seems to 
have the same conception as to the rounded, even contour of both terato- 
mas and dermoids (J. Thor. Surg. 3. 1933). 

The schematic representation of my two cases in fig. XII shows 
clearly that these are essentially different from the typical dermoid cysts. 
There is no clear-cut, even, curved line along the lateral border of the 
tumor. Instead the tumor is irregular, lobular and of rather homogeneous 
character. It is quite understandable, that this first case was in the begin- 
ning interpreted as a lymph-node mass and that a probable diagnosis of 
lymphosarcoma was made, when the lung metastases were discovered. 
It is not inconceivable, that similar misinterpretations of réntgen pictures 
may have occurred in other places although these cases have evidently 
not been verified. An amplification of the previously accepted views on 
réntgen diagnosis of teratomas of the mediastinum is therefore not abso- 
lutely without importance. As however the diagnosis of mediastinal affec- 
tions in general presents considerable difficulty and requires a thorough 
discussion, the differential diagnostic details will not be touched upon 
further in a communication, which is intended chiefly for case reports. 
It seems most appropriate to give only a description of the réntgenologi- 
cal changes, which could be considered fairly typical of the variations 


in the normal picture of the anterior mediastinum due to embryonal mal- 


formations. 

A situation in the anterior mediastinum is common to both dermoid 
cysts and teratomas. As a rule there are no pulsations, at least of the 
expansive type, nor any shifting with the movements of respiration. 
A change in position during swallowing is seen only in those rare cases, 
where there is fixation to the trachea. Both types of tumor grow very 
slowly and are unaffected by radiotherapy. 

Dermoid cysts are characterized by even, rounded, distinctly outlined 
areas of density which often fuse with the heart shadow. Their situation 
varies as much as their shape, which may be round or oval. Usually 
a dermoid seems to cover one or other hilus area and to bulge into the cor- 
responding half of the thorax. The diagnosis is sometimes made easy by 
the demonstration of teeth or fragments of bone within the tumor shadow. 
On oblique projection, the cyst often shows a definite pedicle to the 
anterior chest wall. If the tumor lies high up in the mediastinum, there 
is a cranial rounded outline and the aortic arch may be pushed laterally 
and caudally. Dermoid cysts emptying of the tumor contents through 
the mediastinal pleural, adherent to the cyst wall. The pathological 
organic conditions which should be excluded when making a diagnosis 
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1/ Dermoidcyst 
/Kaestle/ 


2/ Dermoidcyst 
/Assmann/ 


3/ Branchialcyst 
/Chaoul/ 


4/ Dermoiadcyst 
/Chaoul/ 


5/ Teratoma 
/Case I ana I1/ 


6/ Dermoidcyst 
/Liebmann/ 
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of dermoid are aortic aneurysm, echinococcus cyst, intrathoracic goitre, 
persistent thymus and gravity abscess. These affections naturally come 
into consideration also in the diagnosis of teratoma, which is made even 
more difficult by the similar réntgen picture given by hilus lymph-node 
masses, primary bronchiogenic carcinoma and malignant tumors and 
lymph-node changes in the mediastinum. 

Teratomas are to be distinguished from the benign dermoid cysts by 
their more solid structure. The typical thin-walled dermoid cyst, uni- 
formly distended by its contents, has little in common with the irregular 
structure of the teratoma which is the result of the varying degree of pre- 
dominance of different tissues. The réntgen picture cannot therefore 
be the same. The sharply rounded contour of a dermoid cyst is replaced 
in a teratoma by a partially rounded but at the same time lobulated 
outline which shows up distinctly against the surrounding tissues. The 
lobulation is due to the different types of tissue in the wall. As malignant 
degeneration only affects a limited area within the mass, it has no notice- 
able affect on the size of the tumor. This is the explanation of the fact, 
that even while the tumor is metastasizing, there is no increase in the 
size of the teratoma. This point is of differential diagnostic value with 
regard to malignant tumours within the mediastinum. The absence of a 
diffuse border toward the lungs, due to lymphatis which is typical of 
tumors such as bronchiogenic cancer should be mentioned in this connec- 
tion. The réntgenological picture of teratoma is characterized by the local- 
ization in the anterior mediastinum, the lobular, sharply outlined bor- 
der, the absence of noticeable enlargement in spite of the presence of ma- 
lignant degeneration and widespread metastases, the unchanged ap- 
pearance after radiation and finally the absence of marked symptoms of 
compression. The situation of the teratomas within the mediastinum, 
their relation to the heart and bronchi and the age period in which the 
clinical symptoms usually appear coincide in all essentials with those of 
the dermoid cysts. 


Therapy 


There is no form of treatment in the radical sense except an operative 
procedure in which connection the reader is referred to the works of 
SAUERBRUCH, BEYE, HEpDBLoM, CALDBICK and others. 


SUMMARY 


The author describes two cases of mediastinal teratoma which were réntgenologically 
examined. The first was a man 22 years of age with metastases of chorionepithelioma 
tissue in the lungs and brain. The second was a man 28 years of age where the diagnosis 
was made at réntgen-examination chiefly on the basis of experience gained from the 
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first case. Among other things the author discusses the genesis and réntgenological 
diagnosis of teratomas. The author upholds BuppE’s modification of the theory of 
Danescuat and Bonnet in that teratoma is not to be looked upon as a genuine twin 
structure but must originate from detached blastomeres which have just arisen from 
the primitive intestinal cavity. This explains the occurrence of chorionepithelioma 
tissue in the one case. The blastomere is multipotent before differentiation into the 
three germinal layers and can therefore give rise to any conceivable type of tissue. As 
far as the réntgenological diagnosis is concerned the author points out that it is a 
mistake to place dermoid cysts and solid teratomas in the same category as the réntgen 
picture is extremely variable and only the dermoids are definitely characterized by 
sharply outlined, smoothly rounded areas of density. 


ZUSAMMENFASSUNG 


Der Verf. beschreibt zwei Fille von réntgenologisch untersuchten Mediastinal- 
teratomen. Der erste Fall ist von ganz besonderem Interesse. Es handelt sich nimlich 
um ein in Lungen und Gehirn metastasierendes Chorionepitheliom, das aus einem Ter- 
atom des vorderen Mediastinums eines 22-jihrigen Mannes hervorgegangen war. Der 
zweite Fall gilt einen Mann von 28 Jahren mit réntgenologischem Verdacht auf eine 
teratoide Geschwulst im vorderen Mediastinum. An dem Patient wurde ein operativer 
Eingriff vorgenommen und ein grosser Teratom entfernt. 

Im Anschluss an diesen beiden Fallen diskutiert der Verf. u. a. die Entstehung der 
Teratome und die Réntgendiagnose. Er stiitzt seine Meinung, dass die Teratome nicht 
als wahre Zwillingbildungen aufzufassen sind sondern von abgesprengten Blastomeren 
herstammen, auf die Theorien, welche Danascuat, BoNNET und besonders BuDDE 


’ aufgestellt haben. Diese Theorien erkliren gut das Vorkommen von Chorioneptheliom- 


gewebe im ersten Falle, denn die Blastomeren sind ja vor der Differentiierung zu den 
drei Keimblattern omnipotent und kénnen infolgedessen die Entstehung jeder Zellen- 
bildung veranlassen. 

Was zuletzt die Réntgendiagnose betrifft, richtet der Verf. die Aufmerksamkeit 
auf den Irrtum, dass Dermoidcysten gewéhnlich den Teratomen réntgenologisch gleich- 
gestellt werden. Nur die Cysten rufen im Réntgenbilde umschriebene, rundliche Ver- 
schattungen hervor. 


RESUME 


L’auteur décrit deux cas de tératome médiastinal ayant été l’objet d’examen radio- 
logique. Le premier avait trait 4 un homme de 22 ans avec métastase de chorioépithé- 
liome dans le poumon et dans le cerveau. Le second était celui d’un homme de 28 ans 
ot le diagnostic fut surtout fait radiologiquement en raison du cas précédent. L’auteur 
discute entre autres la genése et le diagnostic radiologique des tératomes. L’auteur 
appuie la modification apportée par BuppeE 4 la théorie de Danascuat et BonNET, modi- 
fication suivant laquelle le tératome ne doit pas étre considéré comme ayant une struc- 
ture particuliére, mais a son origine dans des blastoméres détachés, issus de la cavité 
intestinale primitive. Ce fait explique la présence de tissu chorioépithéliomateux dans 
l'un des cas. Le blastomére est multipotent antérieurement & sa différenciation en trois 
couches germinatives et peut par conséquent donner naissance 4 diverses formes de tissus. 
En ce qui concerne le diagnostic radiologique, l’auteur déclare que c’est une erreur de 
classer dans la méme catégorie les kystes dermoides et le tératome; l'image radiologique 
est extrémement variable, et seul le kyste dermoide se distingue d’une facon caractéristi- 
que par ses aires de densité nettement délimitées et légérement arrondies. 
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Addendum to the proof 


The author now has two other cases of mediastinal dermoids for ey. 
later publication, the first case examined in the réntgendepartment 
here, the second in Lund. 
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FROM THE PHYSICAL LABORATORY OF THE RADIUMHEMMET, STOCKHOLM. 
(CHIEF: R. M. SIEVERT) 


TIN-FILTERS IN ROENTGEN THERAPY‘! 
R. Thoreus 


Introduction 


In a communication to the Second International Congress of Radio- 
logy, Stockholm 1928, the author submitted a new filter, which then had 
been used in deep therapy in Sweden for about six months, the use of 
which seemed to involve certain advantages. It was pointed out that the 
main component of the new filter was a metallic tin plate and that the 
new filter, as a unit, showed a better filtration economy than such previ- 
ously tried, which contained a relatively thick copper component. 

In 1932 I published a paper (1), which contained a detailed study of 
the filtering problem carried out on the basis of the monochromatic ab- 
sorption. This paper also dealt with the equivalence of filters of different 
materials, the economy of the filtration, and finally with the principal 
deduction and computation of the tin-filter. The reasons for selecting tin 
as material for the main component of the filter were given and the condi- 
tions that must be fulfilled when using tin for this purpose were discussed. 
It was pointed out in this relation, that a physically proper tin-filter will 
consist of three different components, two of which, however, are con- 
stant since they are directly connected with the properties of tin in res- 
pect of roentgen rays. The proper construction of the tin-filter was found 
to be: Sn + 0.25 Cu + 1 Al. The thickness of the tin-component is ad- 
justed to fit the desired degree of filtration. From the above mentioned 
studies of the equivalence of filters of different materials, it was found that 
a tin-filter of the construction 0.44 Sn + 0.25 Cu + 1 Al might be expec- 
ted to be a qualitative equivalent of 2 Cu + 1 Al. With an accuracy of a 
few per cent, this result was verified by experimental measurements. 
In what follows the filter just mentioned will be denoted as the normal 
tin-filter. The thicknesses of all the filter components given in mm. 


1 Submitted for publication March 28th 1934. 
16—340154. Acta Radiologica. Vol. XV. 1934. 
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Comparison between tin-filters and copper-filters 


The measurements recorded below were carried out in order to in- 
vestigate the properties of different tin-filters referring to different thick- 
nesses of the tin component and to compare these filters with copper- 
filters of the general construction Cu + 1 Al. All the tin-filters tested 
were of the construction Sn + 0.25 
Cu+1 Al. The thickness of the tin 
component was varied from 0.25 
mm to 0.80 mm. The measurements 
were carried out by means of our 
standard air-ionisation chamber (1). 
The tube used was a Metwa Metalix 
No. 334497. The radiation charac- 
teristic of this tube, that is the 
HVL-values in mm Al of the un- 
filtered beam at different voltages, 
is given in the diagram fig. 1. The 
high-tension generator used was 
built according to the Greinacher 


principle, thus delivering a constant 

For the different filters the aver- 

Fig. 1. age transparency dm, that is the 


transmitted intensity in terms of 
the incident one, and the halfvalue-layer, HVLZ in mm of Cu, of the 
filtered beam were measured at 165 kV. At this voltage the unfiltered 
beam was found to have a HVZ = 0.088 mm of Cu. The results obtained 
are plotted in the diagram fig. 2. 

From this diagram both the qualitatively and the quantitatively 
equivalent filters can be obtained. In a previous paper (1) I have given 
a method for the pre-determination of qualitatively equivalent filters of 
different materials. The results obtained by this method are represen- 
ted by the dotted curve in the diagram fig. 3, whereas the quantitative 
and the qualitative equivalence as obtained from the experimental re- 
sults in fig. 2 is represented by the two full-drawn curves. It will be 
seen that the two curves, representing the qualitative equivalence as 
calculated and as measured, are nearly identical. This surprisingly good 
agreement may be considered as a convincing proof of the accuracy of the 
calculation method. 

As mentioned above the main reason for the construction of the 
tin-filter was the presumed bad filtration economy of the thick copper 
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Ac AS 20 25 3.0 


filters. From the diagram fig. 2 the answer to this question can be defin- 
itely deduced. We have only to compare the ém-values of qualitatively 
equivalent filters. For instance, the normal tin-filter has a HVL = 
1.65 mm Cu and 6m = 0.0905. The same HVL is obtained by the filter 
2.06 Cu+ 1 Al which has 6m = 0.0725. The ratio dm (Sn) __ 0.0905 = 1.35 
dm (Cu) 0.0725 
shows that the tin-filter gives a 25 per cent greater intensity than the 
qualitatively equivalent copper-filter. The édm-ratio values obtained for 
other HV L within the range investigated are plotted in the diagram fig. 4, 
which shows how the filtration efficiency as represented by the 6m ratio 
of the tin-filters increases with the filtration. If the desired filtration is 
smaller than 1 Cu + 1 Al, then the thickness of the tin-component is 
smaller than 0.2 mm. With respect to the desired stability and rigidity 
of the compound filter such a small thickness of the main component is 
slightly inconvenient. 


227 
35 
025 O80 0.40 050 0.60 0.70 
Fig. 2. 
1 
y 
f 
> 
3 


a 


= 


228 R. THORAUS 
& 
x 


0.25 0.30 03s O40 045 0.50 0.55 0.60 0.65 
Fig. 3. 


CovuTaRD (6), in his roentgen therapy, is using a filter of the construc- 
tion 2 Zn+-3 Al. It may be estimated that the component 2 Zn, because 
of its thickness, is uneconomical. The Al-component is added for absorbing 
the secondary radiation from the Zn-component, and for this purpose a 
thickness of 1 mm would be sufficient. Thus the whole construction of 
this filter may be considered as rather uneconomical. 

For the sake of comparison I have carried out some measurements of 
the filter 2 Zn + 3 Al on the Metalix tube operating at 165 kV constant 
and continuous voltage. The values obtained were dm = 0.0688 and 
HVL = 1.64 mm Cu. From the diagram fig. 2 it will be found that the 
qualitatively equivalent tin-filter is 0.435 Sn + 0.25 Cu + 1 Al which has 
a HVL = 1.64 mm Cu and 6m = 0.0910. The 6m-ratio er = 
shows that the tin-filter would give a 32 per cent greater intensity or that 
one and the same intensity could be obtained with a 24 per cent smaller 
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milli-amperage. These values, I think, will evidently verify the above 
estimation that a filter of the construction 2 Zn + 3 Al is exceedingly 
uneconomical. The roentgen 


tubes being a very expensive 
reasons for using a more eCco- 
nomical filter. 168 


at the Memorial Hospital have “P| | | 


tested the normal tin-filter and [| > 

Using 200 kV from an outfit with WL 
a mechanical rectifier, and mea- 


suring in a water-phantom at a “s a 


target-surface distance of 50 cm, Fig. 4. 

and using a 100 sqem field they 

found for the tin-filter a relative ionometric intensity at the phantom 
surface of 0.78 and a percentage depth dose of-34.5 per cent. The same 
depth dose was obtained with 2.16 mm Cu which gave a surface intensity 


of 0.60. The ratio ee = 1.30 shows that the tin-filter gives a 30 per 


’ eent greater surface intensity than the, regarding percentage depth dose, 


equivalent copper filter. With reference to these values they state that 
the superiority of the THora&vus filter over others in its own class is 
brought out». 


The normal tin-filter at different tube voltages 


The experimental results discussed above refer to a tube voltage of 
165 kV. For the normal tin-filter on the Metalix tube, however, I have 
carried out some measurements at other voltages within the range of 
100—180 kV. The measuring results regarding the values of 6m and HV L 
are plotted against the voltage in the diagram fig. 5. It is seen that both 
of these factors increase rapidly with the voltage. 

In a previous paper (3) the author has published some measurements 
of the ionometric primary intensity obtained at different tube voltages 
within the range used in roentgen therapy. From the radiological point 
of view, however, the interest here lies not only in the intensity of the 
primary beam itself but also in the intensity obtained at the surface of an 
irradiated body, the back-scatter of which is then included in the mea- 
sured values. Because of this the above mentioned measurements, as far 
as the normal tin-filter is concerned, have been supplemented with mea- 
surements on the surface of a wax-phantom, using a field of 10 x 10 cm 
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and a focal distance of 40 cm. All the measurements refer to the above 
mentioned Metalix tube No. 334497, the radiation characteristic of which 
is given in fig. 1. 

The values obtained are given in the diagram fig. 6 where the curves 
are denoted as follows: 


curve I refers to the unfiltered primary beam 
Il » » tin-filtered » » 
III » » » phantom measurements and tin-filter 
IV is claculated from the square-law. 


From curve II it is seen that the ionometric intensity of the tin-filtered 
beam increases very rapidly with the tube-voltage. The values show, in 
fact, that a voltage change 

ny ve of 2 per cent involves an 
O.1Sp intensity change of 10 per 
cent, or in other words that 
the percentage change of the 
intensity is about 5 times 
greater than the correspond- 
ing voltage change. This is 
simply due to the fact that 
both the transparency 6m 
of the tin-filter and the 
HVL-value of the tin-fil- 
tered beam are strongly 
increased with the tube- 
voltage, as is directly veri- 
fied by the diagram fig. 5. 
From fig. 6 it is rather 
interesting to observe that 
the curve III which refers 
to the total intensity as 
measured on the phantom- 
surface, is nearly identical 
with the curve II which 
refers to the primary beam only. This evidently shows that the per- 
centage amount of back-scatter in the total intensity is practically 
independent of the tube voltage. For the conditions used in the mea- 
surements, this amount was found to be about 25 per cent. QuIMBY 
and MARINELLI (2) have investigated the back-scatter at the surface 
of a water phantom for different filters between 0.55 and 4.4 mm of 
Cu. At 200 kV (mechanically rectified), 50 cm target surface distance 
and 100 sqem field. their results show that the backscatter is practically 
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the same for all the filters used. This also agrees well with my results 
as given in fig. 6 and discussed above. 

In the diagram fig. 7 are plotted some further values of the relative 
jonometric intensity obtained on the phantom-surface as described above a 
with three different tubes and the normal tin-filter. Both the Metalix and ics 
the EWT 200 are water- ah. 
cooled tubes, whereas the 
AEG TIIT is an air-cooled 
tube with a long tungsten 
anode stem. In the pri- 
mary beam of the latter 
tube, a rather great amount 
of stem-radiation is in- 
cluded, the quality of which 
is somewhat weaker than 
the true focal radiation. 
This is likely to be respon- 
sible for the fact that 
the curve obtained for this 
tube lies somewhat below 
the curves of the two other 
tubes which, indeed, are 
nearly identical. 

From the above experi- 
mental results it may be 
estimated that tin-filters are 
suitably used for voltages 
above 150 kV. As far as 
constant and continuous 
voltage is concerned, the 
upper limit at the present 
time seems to be about 200 
kV as determined by the 
carrying capacity and by Fig. 6. 
the demand for a reasonable 
life-length of the tube. Within this voltage range a stronger filtration 
than that obtained by the normal tin-filter would seem to be rather 
useless. In cases where small intensities are desired, the milliamperage 
should preferably be decreased because, thereby, the tube will generally 
last longer. 

When a still higher voltage than the above mentioned 200 kV is desi- 
red, »pulsating» voltages must be used. Regarding average penetrating 
power as given by the HV L-values, they are, however, less efficient than tg 
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the constant and continuous voltage. MULLER, in a quite recent paper 
(5), finds that the peak voltage must be increased about 20 per cent to 
obtain the same HVL. This means that the above 200 kV, regarding 
HVL, would be equivalent 
to about 240—250 kV pul- 
sating voltage. Below this 
limit the normal tin-filter 
would consequently still in- 
volve a suitable filtration. 

For voltages above 250 
kV pulsating voltage the 
filtration may be increased. 
Between 250—300 kV I 
would suggest a filter, the 
tin-component of which is 
0.55—0.60 mm in thick- 
ness, and for voltages above 
300 kV a_ corresponding 
thickness of 0.70—0.80 mm 
would probably be rather 


? oe suitable. In a recent paper 
= (4) briefly reports on 
a »super Thoreus filter 
which he has used for 


pulsating voltages up to 

ae ee 300 kV. This filter has a 

Fig. 7. tin-component, the thick- 

ness of which is 0.60 mm. 

As already mentioned this thickness would, here, probably be rather 
convenient. 


The back-scatter from a body irradiated by a tin-filtered beam. 


When a body is irradiated the radiation, measured at the surface to 
which the rays are incident, consists of two components, viz. the primary 
rays from the tube and the secondary rays or the back-scatter from the 
body itself. For one and the same tube and a given filter the intensity 
of the primary radition is constant as long as the position and the run- 
ning conditions of the tube are constant. The back-scatter on the other 
hand is greatly influenced by the size of the irradiated field. From a 
therapeutical point of view the amount of back-scatter in relation to the 
field is of a great practical interest, and because of this I have investigated 
this question for the normal tin-filter (0.44 Sn + 0.25 Cu + 1 Al) at 
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165 kV constant and continuous voltage. The results are briefly given 
. below. 

The measurements were carried out in the following way. The irra- 
diated body was a wax-phantom at the surface of which was arranged a 
lead-diaphragm with a variable aperture at its centre. The dimensions of 
this aperture determine the irradiated field A in sqem on the phantom 
surface. A Metalix tube was placed at the focal distance F = 50 cm from 
the phantom surface. The ionisation chamber was a spherical graphite 
chamber (outside diameter = 16 mm) which, by calibration regarding 
ionisation measurements, was found to be parallel with the standard air- 
ionisation chamber. The measuring chamber was arranged at the centre 
of the beam and just touching the phantom surface, a position which is 
generally used when measuring on patients during treatment. 

The primary intensity Ip at the focal distance F = 50 cm was mea- 
sured and repeatedly checked with the phantom removed. I¢ is the 
total radiation intensity measured at the phantom surface. The total 


amount of back-scatter is Js = It — Ip and 3 x 100 is the percentage 


amount of back-scatter contained in the measured total radiation. In the 


diagram fig. 8 the values of the ratios i and 18 are plotted against 


It 


the irradiated field A in sqem. 
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The measurements refer to square fields. Different tests, however, 
were carried out with rectangular fields. It was found that even if the 
length was twice the breadth the values were practically the same. 

It is seen that in cases of big fields 30—35 per cent of the measured 
total radiation is back-scatter. For moderate fields the corresponding 
value is about 25 per cent. 

Within the irradiated body itself the percentage amount of scattered 
radiation in the measured total radiation is increased with the depth below 
the surface. In previously published measurements (1) I have shown that 
within the irradiated body Js/It is practically independent of the quality 
of the incident beam. From these measurements I have collected the 
following table I where the values of Js in per cent of Jt for the nor- 
mal tin-filter are tabulated against the depth d in cm and for three 
different fields. It is seen that for moderate fields (about 100 sqem) 
already at a depth of 3 cm 50 per cent of the measured total radiation 


} 
4 Fig. 9. 
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is scattered radiation and at a depth of 10 cm the corresponding value 
is nearly 70 per cent. 


Table I 
Normal tin-filter 


Focal distance = 50 cm 


| 


| d Is in per cent of It 
| em 50 sqem 100 sqem 200 sqem | 
| 33 40 
36 45 51 
45 53 59 
6 61 66 
eae 55 65 69 | 
61 69 75 
65 73 80 


In cases of deep therapy the percentage depth dose PD obtained with 
a tin-filtered beam may be of interest. Using a normal tin-filter, 160 kV 
and a tube of the AEG TIII type (commonly used in Sweden) measure- 
ments have been carried out in a water phantom. The surface values are 
then obtained with half the measuring chamber immersed. The PD values 
found at different depths d, for different fields A in sqem and for focal 
distances F of 30, 40 and 50 cm are plotted against A in the semi-logar- 
ithmic diagram, fig. 9. 


SUMMARY 


1) After a detailed study of the filtering properties of different materials, carried 
out on the basis of the monochromatic absorption, the author in the beginning of 1928 
developed a new compound filter, the main component of which was a metallic tin plate. 
The properties of such filters regarding average transparency and quality of the filtered 
beam have been measured by means of the standard air-ionisation chamber and compared 
with the corresponding properties of different copper filters. It is found that tin-filters 
in general involve a much better filtration economy than qualitatively equivalent 
copper filters. 

2) Measurements of the ionometric intensity at the surface of and within a phantom 
are submitted and the amount of back-scatter investigated. It is found that the percentage 
amount of scattered radiation in the total radiation is, within the range investigated, 
practically independent of both filtration and tube voltage. The amount of back-scatter 
is, however, strongly influenced by the size of the irradiated field. Measurements of the 
percentage depth dose obtained with the normal tin-filter are submitted. 
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ZUSAMMENFASSUNG 


1. Nach detailliertem, auf Grundlage der monochromatischen Absorption ausge- 
fiihrten Studium der filtrierenden Eigenschaften verschiedener Materialien gelangte 
Verf. zu Anfang des Jahres 1928 zu einem neuen zusammengesetzten Filter, dessen Haupt- 
bestandteil ein metallisches Zinnblech bildete. Die Eigenschaften solcher Filter in Be- 
zug auf durchschnittliche Durchlassigkeit und die Qualitiét der filtrierten Strahlen wur- 
den mittels der Standard-Luft-Ionisations-Kammer gemessen und mit den entspre- 
chenden Eigenschaften verschiedener Kupferfilter verglichen. Man fand, dass Zinnfilter 
im allgemeinen eine viel bessere Filtrierungsékonomie mit sich bringen als qualitativ 
aquivalente Kupferfilter. 

2. Verf. legt Messungen der ionometrischen Intensitit an der Oberfliiche und im 
Innern eines Phantoms vor und das Resultat seiner Untersuchung iiber die Menge der 
Streustrahlen. Er fand, dass der prozentuelle Anteil der Streustrahlen an der Gesamt- 
bestrahlung im Bereich seiner Untersuchung praktisch genommen sowohl von der Fil- 
trierung als auch von der Voltzahl der Réhre unabhiingig ist. Dagegen ist die Menge 
der Streustrahlung stark durch die Grésse des bestrahlten Feldes beeinflusst. Schliesslich 
werden Messungen der mit normalem Zinnfilter erhaltenen prozent. Tiefensosis mit- 
geteilt. 


RESUME 


1) Aprés une étude détaillée des propriétés filtrantes des divers matériaux, établies 
sur la base de l’absorption monochromatique, l’auteur a élaboré au début de 1928 un 
nouveau filtre combiné, dont la partie principale est une plaque d’étain. Les propriétés 
de ce filtre ont été, en ce qui concerne la transparence moyenne et la qualité du rayon 
filtré, mesurées au moyen de la chambre étalon d’ionisation 4 air et comparées avec les 
propriétés des divers filtres de cuivre. Il a été constaté que, d’une fagon générale, le filtre 
d’étain donne une économie de filtration notablement supérieure aux filtres de cuivre 
de qualité équivalente. 

2) Des mesures de l’intensité ionométrique & la surface et & l’intérieur d’un fantoéme 
ont été faites et l’auteur a recherché la quantité de la radiation diffusée. Il s’est trouvé 
que la qantité pourcentuelle de la radiation diffusée par rapport & la radiation totale est, 
dans le domaine étudié, pratiquement indépendante de la filtration et du voltage du tube. 
La valeur de la quantité de la radiation diffusée est cependant étroitement influencée 
par les dimensions du champ irradié. L’auteur communique les mesures faites du 
pourcentage des doses profondes obtenues par le filtre d’étain normal. 
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THE RELATION BETWEEN THE HEART VOLUME AND 
STROKE VOLUME UNDER PHYSIOLOGICAL 
AND PATHOLOGICAL CONDITIONS' 


by 
Erik Lysholm, Gustav Nylin and Kuno Quarnd. 


(Tabule XLI—XLII) 


As early as in 1861 Boyp (1) systematically weighed necropsy speci- 
mens and found a positive correlation between the heart weight and the 
body weight. Twenty years later MULLER (2) came to a similar result, 
based on very comprehensive investigations on no less than 1481 cases. 
In more recent years Bett and Hartzext (3) and notably Smirx (4) 
verified these observations. The last-mentioned author indicates the 
mean values for the relationship between the weight of the heart and the 
weight of the body. 

After the introduction of percussion by AUENBRUGGER, efforts were 
made to obtain heart-size measurements during life. The orthodiagram 
promoted the success of these efforts and soon after values for the normal 
size of the heart were found with the help of the standard measure- 
ments obtained from the frontal projection. 

The first attempt to determine the volume of the heart by means 
of Réntgen examination was made by GEIGEL (5) who conceived the 
heart as a sphere in making his calculations. In 1921 Morirz (6) suggested 
combining the frontal and side orthodiagrams in a clay model, but it 
remained for PALMIERI (7) to work out the first practical method. He 
turned the patient into various angles, and drew the heart projections 
on a screen. The outlines of the projections were afterwards cut out 
in cardboard and then by fastening a thin violin string at the focus and 


1 Submitted for publication March 20th, 1934. 


e 
r 
v 
n 
— 
n 
28 ‘ 
n 
28 
re 
re 
, 
t, 
e. 


+ 
a 238 ERIK LYSHOLM, GUSTAV NYLIN AND KUNO QUARNA 
a following their outer contours a model was obtained. In 1923 Lys- wi 
_ HOLM (8) proposed an orthodiascopic arrangement, by which, by means wi 
a of coupling the patient’s revolving chair to a lump of clay, heart models mn 


could be obtained. A similar arrangement has since been described by 
Scnatzk1 (9). Rowrer (10) had, already in 1916, attempted to cal- 
culate the heart volume on the presumption that the heart was an ellip- 
soid. In 1932, Kantstrorr (11), knowing nothing of RoHRErR’s work, 
but working along the same lines, arrived at a formula for determining 
the volume of the heart. RowreEr’s formula gives the heart volume as 
the product of the surface of the sagittal orthodiagram and the greatest 
depth of the heart in the frontal dorsal direction, multiplied by a con- 
stant. The constant, which is 1.3, takes into consideration the sha 
of the heart and lies between the constants of the paraboloid and ellip- 
soid. In an as yet unpublished work Srranpquist has made a compari- 
son, in the réntgenological department of the Seraphimer hospital, be- 
tween the volume of the heart modelled according to LysHoim’s method 
and that calculated by Kantsrorr’s method, and found a difference of 
only 5 %. In view of the fact that Kanustorr’s method of determining 
the volume of the heart saves a considerable amount of work, we use 
this method exclusively. For calculating the volume of the heart we do 
not use orthodiagrams, but instead use teleoréntgenograms made at a 
distance of 2 m., which results in a triangular enlargement of the heart 
of but 3%. The »Raster diaphragm», LysHotm’s grid, which particularly 
facilitates the measurement of the lateral pictures, is used. To obtain a 
representation of the posterior contour of the heart the patient is given 
a teaspoonful of barium paste, just prior to the taking of the film. Kaxt- 
STORF made determinations (the réntgenological examinations being 
carried out with the subject in an erect position) on fairly large mate- 
rial, comprising 70 men and 50 women of middle age. He found that 
there was a strong positive correlation between heart volume and body 
weight,. but he did not work out the correlation coefficient. The heart 
volume per kilogram of body weight was found to be remarkably con- 
stant, with a mean value of 9.5, and with a variation between 8.15 and 
10.90. In addition he found that the index was lower for women than 
for men, a condition which he attributes to the lowered standard meta- 
bolism of the former. 

It has been considered for centuries that an enlargement of the heart 
is associated with disease in that organ, and within cardiology the causes 
; of enlargement of the heart are still discussed. Wuirr (12) does not 
ha hesitate to look on dilatation, which he considered to be usually com- 
at bined with hypertrophy, as the primary cause of enlargement of the heart. 

a In a number of works Eyster, with his colleagues (13, 14, 15), showed 
, a | ; experimentally on animals that, in certain cases at least, the hypertrophy 
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was preceded by a dilatation of the heart. Enlargement of the heart 
was quite naturally thought to be a result of over-exertion, and numerous 
investigations from that point of view have been made on animals. For 
instance KULBs (16) and SecHEeR (17) found considerable enlargement 
of the heart in well-trained dogs. In athletes, such as oarsmen, cyclists 
and marathon runners, an enlargement has been established by many 
investigators, inter alia, by DEuTscH and Kaur (18), Kircu (19), Bram- 
WELL and Exits (20) and HerxHeEIMeER (21). Opinions are divided 
as to whether this latter form of enlargement of the heart is to be inter- 
preted as essentially hypertrophy or a combination of hypertrophy with 
dilatation, such dilatation probably being an expression for a drain on 
the reserve strength. In opposition to HERXHEIMER, Moritz is not in- 
clined to look upon an enlarged athlete’s heart as a physiological pheno- 
menon. GRANT (22) has, during a period of 10 years, shown convincingly 
that determinations of the size of the heart are of exceedingly great 
clinical importance. He found, inter alia, that the length of life was 
determined by the degree of heart enlargement. 

Thanks to improved gas-analytical methods, particularly Gro.t- 
MAN’s acetylene gas method, for the determination of the utilisation of 
the blood oxygen, our knowledge of the minute volume of the heart, 
and the stroke volume, has been greatly increased during the last decade. 


. The fundamental importance of the stroke volume was emphasized, 


particularly by HenpERsoN, who says, »The stroke volume of the heart 
is probably, both for physiological and clinical purposes, the most im- 
portant quantitative function of the whole body ...» The size of the 
stroke volume varies with the changes in the pulse frequency, oxygen 
consumption and utilisation, i. e. the oxygen absorption per litre of 
blood. Under standard conditions, during rest, the stroke volume varies 
in different individuals chiefly with the pulse frequency, and standard 
metabolism while GRoLLMAN (23) found that the utilisation was strik- 
ingly constant. He explains the considerable variations in stroke volume 
in healthy individuals under standard conditions, which were also noted 
by other investigators, as being due partly to the lability of the pulse 
frequency and partly to the varying size of different individuals. As 
»a functional measure of cardiac activity» GROLLMAN suggests the min- 
ute volume per m? of body surface. NyLrn (24, 25) has shown that this 
index only falls below the normal value in exceptional cases of cardiac 
decompensation. Another index suggested by Ny tin, which has proved 
to be a more reliable measure of the functions of the heart, is the stroke 
volume per square metre of body surface. 

STraRLING (26, 27) was probably the first to investigate, experimen- 
tally, the relation between the size of the heart and its stroke volume. 
He observed with his heart-lung preparation, how, with an increased 
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venous inflow into the heart, the heart volume also increased. From his 
| experiments he drew the conclusion that, within physiological limits, 
ae the greater the volume of the heart the greater the energy developed 

ia with each cardiac beat. This classic principle is generally called »the 
law of the heart». 


— 


heart volume 
stroke volume 
as a measure of the heart function. Calculations proved that this index 
was fairly constant for healthy individuals of varying size, but revealed 
that increases occurred in decompensated cases and also in some com- 
pensated cases of heart failure. Shortly afterwards, Starr, CoLiins and 
( 


In a preliminary paper NYLIN (28) proposed an index 


Woop (29), investigated the relation between the heart volume and stroke 
volume in a control group and in 6 cases of fairly severe heart failure. 
They determined the heart volume by using the frontal surface on the 
orthodiagram according to BARDEN’s formula, and the stroke volume 
7 by means of a modified HENDERSON’s ethyl iodide method. They ob- 
tained results in agreement with 


Our own investigations 


31 Investigations of the size of the heart volume and the stroke volume 

=i during rest were made both on healthy persons and on patients suffering 

i from compensated and decompensated heart disease and from hyper- 

tonia. The heart volume was determined, as a rule, in the morning and 

~ in immediate association with the examination of the stroke volume. 

4 KAHLSTORF’s method was employed, and the patients were photographed 
af in an erect position. 

For the purpose of establishing the measurement error in the réntgen- 
: ological method of determining the heart volume, two exposures were 
 ) made in each of the projection planes on thirteen girls in an erect posi- 
tion. In this way four possibilities of establishing the heart volume on 
each individual child were obtained. The margin of error for the method, 
i. e. o, was calculated and amounted to 16 cc., which is equivalent to 
3.9 % of the general mean. 

The determinations of the minute volume and pulse frequency for 
investigating the stroke volume were made in the morning after the 
subjects had fasted for at least 12 hours, and after they had rested for 
at least 45 minutes in a semi-recumbent position in the examination 
chair, avoiding all muscular movement. The standard metabolism was 
established by means of Krocu’s spirometer, and the oxygen utilisation 
by GrRoLLMAN’s acetylene gas method. Special attention was paid to 
the importance of an exact mixing of the lung air with the gas mixture 
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in the balloon. Repeated tests of the oxygen utilisation, usually 3 or 4 
and sometimes more, were taken on the same patient. When there were 
any great differences between the different tests the examination was re- 
peated on the following day. 


Results 


The normal material comprised 47 subjects (33 adults and 14 girls 
between the ages of 10 and 14), without any signs of circulatory trouble. 
In 22 of the adults, 4 of them women, and on the 14 girls, determinations 
were made of both the stroke volume and the heart volume. On the 
other 11 adult subjects only the heart volume and the oxygen pulse 
(oxygen consumption per pulse beat) were determined. In this work 
reference is also made to values of the stroke volume of 19 normal cases, 
table 1, which were presented in an earlier work (24). 


The results of the examinations of the 33 adult individuals in the: 


new material are set out in table 2, and of the 14 girls in table 3. Table 4 
comprises the mean values and the standard deviations, calculated in 
the first place from GRoLLMAN’s values (30), and in the second place 
from values obtained from the different groups in our material. The 
values for body surface in GROLLMAN’s as well as our investigations of 
‘ adult persons agree particularly well. The utilisation in the earlier in- 
vestigation, table 1, is somewhat lower than in GROLLMAN’s material, the 
result of this being that the values of the minute volume are somewhat 
higher. On the other hand, in our later investigation, we have found 
values in exact agreement with GROLLMAN’s, as regards the minute 
volume, the stroke volume and, practically speaking, as regards the utili- 
sation also. The standard deviation however is greater in our material. 

Diagram 1, which illustrates the relation between stroke volume and 
body surface, includes both GROLLMAN’s and our own values, amounting 
in all to 105 normal cases. It will be seen that under physiological 
conditions during rest, there is a positive linear correlation between 
body surface and stroke volume. The correlation coefficient for this 
relation was worked out and found to be fairly high, table 5. 

The heart volume of 22 normal persons averages 630 cc. with a o of 
118 cc. For the larger normal material (33 persons) the values were 
found to be 627 cc. and 122 cc. respectively. How intimately the heart 
volume is correlated with the body surface appears from diagram 2. In 
this case the very high correlation coefficient of + 0.84 was obtained. 
Accordingly, the heart volume per m?* of body surface, which will probably 
be most exact when estimating the size of the heart of the individual, 
was calculated. The mean values for the two groups (table 2) are 354 cc. 
and 349 cc./m? respectively, with respective standard deviations of 48 

17—340154. Acta Radiologica. Vol. XV. 1934. 
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Diagram 1. 
Correlation between cardiac output per beat and body surface. 


© Signifies observations by 
e Signifies authors’ observations. 


and 58 cc., which implies that the heart volume/m? in ?/, of the material 
(M + @) varies on the whole between 300 and 400 cc., and in 95 °%, (M + 20) 
between 250 and 450 cc./m*. The heart average volume per kg. of body 
weight in this material was calculated as 9.63 cc., with a o of 1.2 cc. The 
relation between heart volume and body weight was also investigated 
and the correlation coefficient was found in this case to be as high as 
+ 0.82. 

In this investigation, special interest was taken in the relation be- 
tween heart volume and stroke volume. The intimate connection be- 
tween them under physiological conditions, is apparent from diagram 3: 
the greater the heart volume of an individual the greater being the 
stroke volume. The high correlation coefficient + 0.84, is revealed in 


table 5. The index heart volume was considered to be constant, and 


stroke volume 
it appears from tables 2 and 3 that such is the case. The mean value 
for this index in adults is 10.3 with a o of 1.6. In children a somewhat 
lower index of 9.2 is obtained but the difference of 1.1 is not significant, 
as it does not amount to the mean error. In 95 %, of the material, 
the adults, the index varies between 7.0 and 13.5. 
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Diagram 2. 
Correlation between heart volume and body surface. 


As the utilisation exhibits such slight variations under physiological 
conditions, the oxygen pulse should, within certain limits, be an expression 


heart volume 
. — was also cal- 


oxygen pulse 
culated, and in table 2 are found the mean values 178 and 173 respec- 
tively, with a o of 26 and 32 respectively. 

The clinic material comprises decompensated heart-disease and hy- 
pertonia cases, table 6, to a total number of 18. Another group of nineteen 
cases, principally of compensated heart-disease and hypertonia was also 
examined, table 7. The fact that the first group really represents pro- 
nounced decompensation cases is shown by the function tests carried 
out in accordance with the method described in an earlier work (24), 
the test consisting in stair-climbing at a fixed rate. The normal value 
for the increase in oxygen consumption after the lowest rate on the 
stairs, 5/88 (i.e. 5 rounds on the stairs at a rate of 88 steps per min.), 
is at the most 28 %, and after the highest rate, 5/160, at the most 57 %. 
All the decompensated cases had a pathological i increase in oxygen con- 
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Diagram 3. 
Correlation between heart volume and cardiac output per beat. 


sumption after work, table 6, but on the other hand only no. 6 and 
possibly no. 1 in the compensated group show poorer function tests. 
Within the group last-mentioned none of the cases show signs of heart 
decompensation during rest or after moderate exercise. 

On the presumption that GROLLMAN’s »cardiac index», i. e. the minute 
volume of the heart per m* of body surface, does not fall below 1.8 1. 
in normal cases, which was shown by NYLIN in a previous work (24), 
we only find a lower value in the heart insufficiency cases in a few ex- 
ceptional cases. However, in about half the number of decompensation 
cases, the stroke volume is below the minimum value for normal cases, 
i. e. 25 cc. per m*. Neither GROLLMAN’s index nor the stroke volume 
per m? is sufficiently sensitive even to reveal a typical case of decom- 
pensation. On the other hand, the heart volume calculated per m?* of 
body surface is as a rule above the normal limit, namely 450 cc. Only 
case 15, a case of malignant nephrosclerosis, has a value above the nor- 
mal limit. 

The index to be a still more reliable measure of 


stroke volume 
decompensation, as in all the cases of heart decompensation it is con- 
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siderably above the normal limit, namely 13.5. If we take two extreme 
examples in table 6, such as cases 3 and 11, we find that the stroke 
volume per m? in both, is considerably below the normal limit, while 
the heart volume per m* reaches the extremely high values of 884 and 
808 cc. respectively. In these cases we find that the index rises to more 
than four times the normal. The stroke volume is only about 0.5—0.6 
of the normal mean value, while the heart volume is 2.3—2.5 times the 

corresponding value in healthy persons. 
h heart volume 
e 
oxygen pulse 
pensated heart failure group has a stroke volume below the normal 
value. The patient is a 15-year old girl, whose pulse frequency must be 
considered particularly labile. On the other hand, the heart volume 
and the index heart _voume are decidedly above normal in more than 

stroke volume 
half of the compensated cases. 


hows a similar tendency. Only case 6 in the com- 


A discussion of the results 


Neither the standard metabolism nor the minute volume of the heart 
exhibits any regular change with the onset of heart insufficiency. As a 
rule an increase in the pulse frequency is met with even during rest, 
from which it follows that the stroke volume falls. Still more obvious is 
the low stroke volume calculated per m* of body surface. 

The determination of the utilisation is of considerable interest in 
judging whether circulation insufficiency is present or not. The precise 
course of the gas exchange in the tissues is not yet fully elucidated. Ne- 
vertheless it is known that the amount of the utilisation is dependent 
partly on the quantity of haemoglobin and partly on the number and 
size of the capillaries, and thus on the rate of the blood stream. LiLsE- 
STRAND and STENSTROM (31) and others have shown that the utilisation 
rises and falls parallel with haemoglobin content. Possibly the high 
utilisation is due, at least, in part, to the compensatory increase in hae- 
moglobin and in the number of red corpuscles which takes place in the 
insufficiency cases. The primary cause will, however, be the retarda- 
tion of the blood stream. BiLumGartT and YENs (32), Tarr, OppEN- 
HEIMER and SaGER (33), and others, have shown that the rate of circula- 
tion is very considerably retarded in compensated cardiac patients. The 
upper limit for the normal utilisation in GROLLMAN’s investigation is 66 cc. 
and in our investigation 71 cc. If GROLLMAN’s normal value is applied, 
we find a high utilisation, which is certainly pathological in 10 cases, and 
in comparison with our normal value in 7 cases, table 6. This circum- 
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stance in itself shows that the utilisation is almost as good a measure 
of severe heart insufficiency during rest as the stroke volume per m*, 
The determination of the utilisation on healthy individuals, especially 
by the acetylene method introduced by MarsHati and GRoLLMAN (34), 
now presents hardly any difficulties, provided that one has thoroughly 
mastered the gas-analytical method and observes given conditions when 
making the tests. With the appearance in heart insufficiency cases of 
pulmonary congestion and the accompanying changes in lung ventila- 
tion and diffusion conditions in the lung alveoli, determinations are pre- 
carious. In one of his latest works, GROLLMAN has paid special attention 
to this circumstance and suggests that three alveolar air tests should 
be taken after the patient has begun to breathe into the balloon, a pro- 
cedure which we also have employed for a long time in cases where we 
have been uncertain as to the utilisation values obtained. A patholo- 
gically increased utilisation can not be shown until the heart insufficiency 
is far advanced, at which time the stroke volume is decreased. 
Starting placed the size of the heart in diastole in relation to the 
work performed, the latter being governed by the size of the stroke vol- 
ume. It has been shown in the present work that in individuals of dif- 
ferent sizes, children as well as adults, both the stroke volume and the 
heart volume are intimately correlated with the size of the body, from 


which it follows that the index heart_volume 


stroke volume 
Appreciable deviations from this rule appear among the heart insuffi- 
ciency cases where the stroke volume decreases and the heart volume 
increases, which results in a high index. In certain compensated cardiac 
cases an enlargemen. of the heart volume only seems to appear. How- 
ever, the less frequent cases of heart insufficiency which result in death 
and which, at post-mortem show no enlargement of the heart, are worthy 
of note. 

The genesis of enlargement of the heart is not known. The part played 
by regurgitation in causing an increased diastolic volume cannot at pres- 
ent be judged, but it is probable that it plays a great part in causing 
excessive enlargements of the heart. Nevertheless, the small, hardly 
noticeable pulsations seen at the fluoroscopical examination of certain 
extreme enlargements, go to show that the enlargement is not only a 
result of regurgitation, but also is an expression of a considerable in- 
crease in residual blood. Even under normal rest conditions the amount 
of the residual blood is probably considerable. HocHREtn (35) has exam- 
ined, at necropsy, the chamber of the heart in normal-sized hearts and 
found that on an average the left chamber contains 121 cc. and the 
right chamber 140 cc. On the assumption of a stroke volume for each 
half of the heart of 60 cc. the amount of the residual blood during rest 


during rest is constant. 


= 
is 
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may thus be as large as the stroke volume. It is known from numerous 
investigations that during work and immediately after work a heart 
insufficiency case increases in pulse frequency considerably more than 
is normal owing to the fact that the stroke volume is not increased suffi- 
ciently. This inability possibly implies an increase in the amount of the 
residual blood. This assumption is supported by the fact that in severe 
heart insufficiency, cases with considerable enlargement must have a 
considerable increase of the residual blood even during rest. As has 
been pointed out earlier, cases of severe heart insufficiency without signs 
of enlargement, are certainly encountered, but everyday experience 
teaches that incipient heart insufficiency shows such an enlargement. 
It is therefore probable that a sufferer from slight insufficiency who 
shows a normal stroke volume during rest, is not able to increase the 
stroke volume during daily moderate work without causing a considerable 
dilatation of the heart, which dilatation remains even during rest. On 
repeated occasions we have been able to establish that the heart volume 
undergoes changes parallel with the changes in the degree of heart in- 
sufficiency. In the literature there is but scanty mention of methodical 
observations. As an example two cases may be cited here. 


Case 1. A 69-year old man. Decompensated hypertonia. Weight 99 kg. Very 


_ pronounced heart insufficiency with considerable anasarca. Auricular fibrillation with 


a pulse deficit of 20. Liver palpable a hand’s breadth below the costal arch. Circum- 
ference of the abdomen 121 cm. Heart volume 2117 cc. (Fig. 1.) A month later after 
intensive treatment with digitalis and combined Novurit-Salmiac therapy the patient 
is able to get up and move about without dyspnea. His weight has decreased by 24 kg. 
The edema has disappeared entirely. The size of the abdomen is 24 cm. less. The swelling 
of the liver is reduced so that now the liver can be palpated immediately below the costal 
arch. The heart volume has decreased by 807 cc. and is now 1270 cc. 


Case 2. Myocardial degeneration in a 32-year old man, who on admission to the 
hospital weighs 83 kg. Moderate edema in his legs and scrotum and also ascites. His 
pulse was regular. Heart volume 1330 cc. (Fig. 2.) After digitalis treatment his weight 
decreased by 16 kg. The edema disappeared completely. Three months after admission 
the heart volume had decreased to about half, and amounted to 691 cc. 


With the taking of sagittal pictures, so that the depth of the heart 
can also be measured, a more definite measurement of the changes in 
the size of the heart is obtained than is possible if the size is measured 
in one plane only. Provided that no hydropericardium was present in 
the cases mentioned above, and that the heart musculature as such was 
not the seat of the edema, the considerable enlargement could not 
have been due to hypertrophy, but mainly to dilatation. 

From what has been advanced here, we find that the volume deter- 
minations of the heart are of extreme importance for judging whether, 
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Table 1 


Cardiac output 1. per min. (M. V.) and cardiac output per beat cc. in 19 normal 
cases during rest (recumbent) 


Standard | Oxygen 


uy, / 


Cardiac output 


Body 2 
| | | boty | Pelee | | / 
O,/min. | ee./1. blood ee. surface 

1.84 226 64 ( 2) | 3.5 1.9 60 58.3 32 
176 | 247 | 47(5) | 58 3.0 70 | 75.7 43 
1.83 234 58 ( 7) 4.0 2.2 72 55.6 30 
1.80 231 43 ( 4) 5.4 3.0 | 

2.14 255 48 ( 2) 5.3 2.5 60 = 88.8 41 
1.89 233 48 ( 2) 4.9 2.6 60 | 8L7 43 
1.78 | 244 49(2) | 50 2.8 80 | 625 35 
1.78 233 56 ( 2) 4.2 2.4 70 | 60.0 34 
1.81 209 63 ( 4) 3.8 Ls 72 45.8 25 

17 219 44 ( 5) 5.0 2.8 60 83.8 47 
1.72 220 53(6) | 42 2.4 60 70.0 41 
1.86 284 54 (13) 5.3 2.8 70 (75.7 41 
| 282 | 66(4) | 4a 2.8 76 | (539 36 
1.69 233 61 (11) 3.8 2.2 90 | 422 25 
1.70 200 64 ( 2) 8.1 1.8 52 | 59.6 35 
1.50 242 50 ( 2) 4.8 3.2 92 52.2 35 
2.02 268 64 ( 2) 4.2 2.1 64 65.6 32 
1.94 219 49 ( 3) 4.5 2.8 70 64.8 33 
1.76 245 66 ( 3) 3.7 2.1 64 | 57.8 33 
179 | 235 | 5458 4.40 2.46 69 | 64.08 36 
0.15 — | 67: 0.71 0.37 — | 1851 5.9 
0.03 ee. 0.16 0.09 — | 295 14 


\| 
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Table 2 
The cardiac output and its related functions of 33 normal cases in the basal resting condition 
(semi-recumbent) 

| Cardiac output | Cardiac output; © 
Big per beat | & | Heart volume 

1.84, 232 6s | | 60 |57 | 31 303 | 114 | 168 
1.71) 288/46 | 506 | 296 | 86 | 59 35 |2.70| 560 | 327 9.5 | 207 
176, 924 67 | 8.9 | 22 |68 |57 | 382 284 | 8s | 152 
| 4/40 176) 226/64 | 35 | 20 | 60 | 58 | 33 | 876) | 107 | 165 
| 5.|89 1.91) 230 66 3.48 1.82 60 | 58 30 =| 3.83] 790 414 13.6 | 206 
| 619/167} 221/60 | 368 | 220 | 56 | 66 | 40 |3.95) 556 | 333 84 | 141 
177) 214/88 | 869 | 208 (48 |77 | 44 334 | 188 
| 25 1.78 250 51 4.90 275 | 60 | 82 46 (417/779! 438 9.5 | 187 
9./20/ 168) 217 54 | 402 289 | 56 | 78 | 43 |3.88) 610| 363 85 | 157 
110. 201 58 | 3.47 274 | 52 | 67 | 41 | 8.87) 529 | 327 7.9 | 187 
11./24/ 1.78 226 43 | 58 3.0 | 49 824| 462 9.36| 219 
12./40 1.58, 182/60 | 30 19 | 60 |50 | 32 331 | 105 | 173 
‘13.30 2.03, 265/64 | 401 | 197 | 60 | {442} 750| 369 | 112 | 170 
14./62 1.95 219/49 | 4.47 2.29 | 63 | 66 34 3.22| 747 | 383 | 113 | 232 
15/44 203, 269 64 4.21 207 64 66 | 4.20 417 | 128 | 202 
16/24 1.78 225/70 | 3.21 180 64 | 50 | 28 (|352 365 | 136 | 185 
17.|29/ 1.86 258/58 | 4.77 | 256 | 76 |63 | 33 582) 313 | 92 | 175 
18.|25 1.81 284/60 | 4.7 2.6 72 | 65 36 713 | 894 | | 181 
19/33 1.67, 229/63 | 36 22 84 | 43 | 26 500| 299 | 116 | 183 
20. 18 1.52 180 3.1 20 | 64 48 | 32 281) 329 | 104 | 178 
21.21 156 188/55 | 34 22 (72 | 47 | 30 |261) 410| 263 | 158 
22,/20/ 1.80 924/54 | 4s | 28 | 76 | 55 | 31 629 | 349 | | 213° 
—| 927/58 | 301 | 226 |6> | 62 | 35 630| 354 | 108 | 178 
= _| 6.78 0.60 0.36 | 943 1114 118| 48 | 
93. |17| 1.97| 308 | | 68 | 4.58 519 | 263 | 115 
24.32) 1.77) 274 | 68 | 4.03, 487 | 247 108 
25, | 19 | 1.70 | | 58 4.16 691 | 406 | 166 
26./23| 1.78) 241 | 62 893) | | 101 
27./42/ 1.96, 270 | 76 (3.55, 625) 319 
28./25/ 1.65) 273 | 4.27, 588 356 138 
29.36 1.91) 268 | 76 3.53, 588 | 308 167 
30. 181.58) 211 | | 58 3.64, 735 465 202 
(31.21 2.03) 300 | 74 4.05| 860 424 212 
82.26) 191) 312) 96 3.25, 650-340 200 
1.89) 255 | | | (3.54, 724 | 383 | 205 
| | | 3.66 349 | 173 
¢|—| —| 38 | 10.49) | 0.52} 122 58 32 


1 Indicate 


mean of 33 cases. 
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The cardiac output, its related functions and heart volume of 14 healthy girls 10—14 


Table 3 


years in the basal resting condition (recumbent) 
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| ain body; | cc. | /body | cc.| /body 

| | surface | surface) / 

1.|13/120 148/58 26 | 217 | 70 | 37 | 30.9 | 21 | 322 10.4 188 
2/14/1183 139/53 | 26 | 281 | 88 | 30 | 266 [300 | 268 10.0 | 187 
3.|13)1.22 169/61 28 | 230 | 7% | 37 | 304 |22 330 | 270 8.9 
4/12/1298 174/63 28 | | 74 | 38 | 997 |24 (925 | 252 86 | 135 
6.|13|189 198/59 34 | 245 | 68 |50 | 360 |29 405 | 291 8.1 140 
180/56 32 245 | 96 | 33 | 253 | 1.9 [335 | 253 10.0 177 
7.) 11/110 149 | 62 2.4 218 | 8 | 29 | 268 [18 322 | 284 11.1 | 180 
8./12) 1.15, 161/62 227 | 71 | 37 314 300 | 261 | 81 180 
9.)18)117, 167/61 27 | 280 | | | 282 21 880 | | 
10.|12/ 1.30) 149/46 32 | 246 | 78 | 41 | 316 | 1.9 (825 | 260 7.9 | 171 
11./10/ 1.00, 147/50 29 | 80 | 36 | 361 292 | | 16 
12.|11|1.09) 152 | 85 | 2.8 | 2.57 | 73 | 38 7 295 | 270 78 | 
13./10/0.99 131/52 | 2.5 259 | 78 | 32 (17 295 | | 92) 173 
14. | 11 | La 159 | 26 231 | 7 |35 | 310 (21 320 2 | 91 | 182 
M | 159 | 57 | 28 | 24 |78 | 36 | 308 [21 | 279 92 | 162 
o{|—| — 510 029 | O19 | 7.22 5.01; 3.87 | 0.82) 34.89) 22.74 1.18; 19} 
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Table 4 
-14 Averages and standard deviations of cardiac output and its related functions for 
normal adults and children in the basal resting condition 

= | 

EY | | Cardiac output Cardiac output | 
:B Stand- | Oxygen (M. V.) per beat 
Body | “ara | Sbsorp- 
sur- | tion | L m? lse- 
| | / surface / surface 
m? nin, Mean! Mean Mean! o ‘Mean o |Mean o 
3 | 

| Grollman 51 adults) 1.7 230 59 | 3.3 3.90 0.44) 2.20/0.17) 64 | 62/ 9.5) 43 
|Nylin.. 19 » 1.7 235 55 | 6.7 4.40 0.71) 2.46/0.37| 69] 64/125) 36 | 5.9 
This pa- | | 
0 | | per... 22 » 177) 227 58) 6.8) 3.91 0.60) 2.26/0.36) 65 | 6211.1) 35 | 6.0 
‘This pa- 
per... 14girls | 118 | 159 | 58) 5.8| 2.80/0.30| 2.40/0.19) 78 | 36| 5.0) 31 3.4) 
0 
0 
1 
2 
Table 5 
3 Correlation coefficients 
eo 1. Cardiac output per beat and body surface .... . + 0.67 + 0.05 
a 2. Heart volume and body surface. ......... + 0.84 + 0.04 
3. > >» cardiac output per beat. ... . + 0.84 + 0.05 

4. > » + 0.82 + 0.05 
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Table 8 


Cardiac output and related functions in a case of a trained cyclist 
(age 32, height 168 cm., weight 74 kg) 


Oxygen absorption pro liter blood .......... 65 ce. 
Cardiac output per beat/m® body surface. ...... 39 ce. 
Heart volume/m® body surface. ........... 652 ce. 
Index: Heart 17 


Cardiac output per beat 


and to what degree, the reserve strength of the heart has been drained. 
From a theoretical point of view this volume determination should be 


set in relation to the stroke volume. An index heart volume which 
stroke volume 


is above 13.5 during rest, speaks in favour of the reserve strength having 
been more or less drawn upon, and of the physiological conditions being 
no longer present. It was of great interest to study this index in well- 
trained athletes. In a gold medallist in the Pentathlon in the last Olympic 
Games we found a heart volume of 950 cc. and a stroke volume of 81 cc. 
In this case the index is at 11.7 and is thus entirely within the normal 
limits. On the other hand, in the case of another well-trained athlete, a 
long-distance runner, a Swedish cycling champion, we found a con- 
siderable increase in the heart volume (Fig. 3) of no less than 652 cc./m* 
as against the normal 450 cc. The increase in stroke volume during rest 
was not corresponding, and the consequence is that the index, table 8, 
is undoubtedly pathologically raised. It is also possible that in the case 
of athletes, the index is a measure of whether the reserve strength has 
been drawn upon in excess of the physiological limit. 


SUMMARY 


1. Under standard conditions the stroke volume and heart volume are each 
approximately a positive linear function of the body surface in healthy individuals. 


2. In healthy individuals of different sizes under standard conditions the index 


heart vol ‘ : 
relatively constant. 
stroke volume 


| I 
| 
| 
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3. Under standard conditions the stroke volume falls below the normal limit in 
pronounced heart insufficiency cases, but on the other hand the heart volume increases 
beyond the normal limits. On this a considerable increase in the index ensues. 

4. In cases of compensated valvular trouble and hypertonia the stroke volume is 
normal, but in many cases the heart volume is pathologically increased. 


5. The index a sae appears to be a measure of the functional conditions 
stroke volume 


of the heart during rest. 


ZUSAMMENFASSUNG 


Die Verf. haben sowohl an gesunden Individuen als auch an solchen, die an kompen- 
siertem bezw. inkompensiertem Herzfehler bezw. Hypertonie litten, Untersuchungen 
iiber die Grésse des Herzvolumens und des Schlagvolumens in der Ruhe ausgefiihrt. Das 
Herzvolumen wurde morgens in der Regel in unmittelbarem Anschluss an die Unter- 
suchungen iiber das Schlagvolumen nach der Methode Kau.strorrs bestimmt, und die 
Réntgenaufnahmen erfolgten bei stehender Stellung der Patienten. 

Die Bestimmungen von Minutenvolumen und Pulsfrequenz behufs Untersuchung 
des Schlagvolumens wurden morgens an den Versuchspersonen vorgenommen, nach- 
dem sie wenigstens 12 Stunden keine Nahrung zu sich genommen hatten und wenigstens 
45 Minuten unter Vermeidung jeglicher Muskelbewegung in halbliegender Stellung im 
Untersuchungsstuhl geruht hatten. Der Standardumsatz wurde mittels Kroeus Spiro- 
meter festgestellt; Ausniitzung nach GRoLLMANs Azethylengasmethode. 


Die Untersuchung gab folgende Resultate: 


1. Schlagvolumen und Herzvolumen sind bei gesunden Individuen unter Standard- 
bedingungen je fiir sich approximativ eine positive lineire Funktion der Kérperoberflache. 

Herzvolumen 
+ Schlagvolumen 
unter Standarbedingungen relativ konstant. 

3. Bei ausgepragten Herzinsuffizienzen und unter Standardbedingungen fallt das 
Schlagvolumen unter die Grenze des Normalen, wohingegen das Herzvolumen iiber die 
Grenzen des Normalen steigt, woraus sich eine bedeutende Erhéhung des Index ergibt. 

4. Bei kompensierten Klappenfehlern und Hypertonien ist das Schlagvolumen 
normal, das Herzvolumen aber ist in vielen Fallen pathologisch gesteigert. 


5. Der Index _Hersvols ll scheint ein Mass fiir den funktionellen Zustand des 
Schlagvolumen 


ist bei verschieden grossen gesunden Individuen 


Herzens zu sein. 


RESUME 


Des recherches ont été faites sur les dimensions du volume cardiaque et du volume 
de contraction & l’état repos chez des individus normaux ainsi que chez des malades 
atteints de cardiopathies compénsées et non compensées, et d’hypertonie. Le volume 
cardiaque a été, en régle, déterminé le matin, en relation immédiate avec la détermina 
tion du volume de contraction. On a recouru & la méthode de Kanusrorr et les 
malades on été radiographiés en position verticale. 

Les déterminations du volume-minute et de la fréquence du pouls, en vue de l'étude 
du volume de contraction, ont été faites le matin sur les sujets d’expérience, aprés un 
jeine d’au moins 12 heures et aprés que ces sujets ont été soumis, en évitant tout 
mouvement musculaire, & un repos d’au moins 45 minutes en position demi-allongée 


a 


i 
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dans la chaise 4 examens. Les échanges standards ont été établis avec le spirométre 
DE Krogu et en utilisant la méthode l’acétyléne de GRroLLMAN. 


Ces recherches ont donné les résultats suivants: 


1. Dans les conditions standards, le volume de contraction et le volume cardiaque 
sont chacun approximativement une fonction linéaire positive de la superficie du corps 
chez l’individu normal; 

‘2. Lindice - volume candingne est, dans des conditions standards, sensible- 

volume de contraction 
ment constant chez des individus de taille différente; 

3. Dans les cas d’insuffisance cardiaque caractérisée et dans des conditions stan- 
dards, le volume de contraction tombe au-dessous de la normale, tandis que le volume 
= dépasse les valeurs normales, ce qui détermine une augmentation notable de 
indice; 

4. Dans les lésions valvulaires compenséees et dans les hypertonies, le volume 
de contraction est normal, alors que dans bien des cas, le volume cardiaque a subi une 
augmentation pathologique. 


volume cardiaque 


5. L’indice —_*—.— semble constituer une mesure de l'état fone- 
volume de contraction 


tionel du coeur. 
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Case 1. Teleréntgenogram before (above), heart volume 2117 cc., and after (below) ; ie : 
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2. Case 2. Teleréntgenogram before (above), heart volume 1330 cc. and after 
(below) treatment, heart volume 691 cc. 
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3. Teleréntgenogram from a cyclist. (Heart volume 1200 cc.) 
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ROENTGENOLOGIC STUDIES OF THE MALE URETHRA, 
THE CLOSING MECHANISM OF THE BLADDER, 
AND THE MICTURITION UNDER NORMAL 
AND PATHOLOGIC CONDITIONS’ 


by 


K. K. Ortmann and Harald Christiansen. 
Clin. Ass’t, Dep’t C late Ass’t, Roentgenologic Dep't 


The present paper is the result of studies undertaken at the instance 
of Prof. LenporF. Its aim is to contribute something to the fuller knowl- 
edge of the functionings of the male urethra, especially of its posterior 
part, and the closing mechanism of the bladder, particularly with reference 
to the mechanism of micturition under normal and pathologic conditions. 

Both the normal micturition and the disturbances of the latter (re- 
tention, incontinence) due to such various causes as malformations, 
stricture, prostatic or nervous disorders, have throughout the times 
been the objects of countless studies, both on the part of physiologists 
and clinicians. The solution of the problems involved has been sought 
in several ways; through anatomical studies of the musculature and 
innervations, physiologic experiments both on human subjects and ani- 
mals, clinical endoscopic observations, operations, roentgen examina- 
tions and necroscopy. We have chosen a purely roentgenologic procedure, 
and have endeavoured, in the first place, to develop a method which 
would make it possible to obtain good pictures of the entire urethra, 
and especially of its posterior part and the region around the internal 
urethral orifice. 

So far as we have been able to gather from the literature to which 
we have had access, roentgenologic investigations of the male urethra 
— the first of which were made by CuNNINGHAM, in 1910 — have 
hitherto been done by injecting the contrast fluid either directly into 
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the urethra or, by means of a catheter, into the bladder, whereupon the 
exposures were made either with the exit of the urethra compressed so 
as to retain the fluid, or during the process of micturition. 

These methods have been sufficient to enable one to get a good idea 
of the seat of a stricture, because fine pictures were obtained of the 
urethra as far as to the urogenital triangle; but as regards the posterior 
portion of the urethra they have not been so helpful, as that part 
of the canal either does not become filled at all, or else so slightly that 
in the picture it only shows as a thin stripe. If one injects from 15 to 
20 cc. of contrast fluid. into the urethra, closes the external orifice, and 
then photographs, one gets a picture of the canal as far as the urogenital 
triangle, and perhaps one may also see a little fluid in the bladder; but 
the posterior portion of the urethra is not seen at all. If one photographs 
during the injection, one sees the anterior portion of the urethra as be- 
fore, but the posterior portion appears only as a thin stripe. For the 
purposes of the investigations with which we are dealing in the present 
paper, those methods are therefore insufficient. If a reliable picture of 
the whole urethra, all the way from the internal orifice, is to be obtained, 
the investigations must be conducted under conditions approaching the 
physiologic ones as closely as possible. The first condition for this is 
that the sensitive and highly complicated reflex mechanism which we 


‘know the apparatus of micturition to be is not disturbed by the intro- 


duction of instruments or injections into the urethra. Our aim has there- 
fore been to find a method by which manipulations of the urethra itself 
might be entirely avoided. 

Under those circumstances it lay near to employ a technic similar 
to the one used for indirect pyelography, by the introduction of contrast 
substance into the veins. Our method then became as follows. Twenty 
cubic centimeters of uroselectan or perabrodil is injected intravenously, 
and the secretion into the urinary passages followed until it is seen that 
all the contrast substance has become collected in the bladder, which, 
under normal circumstances, will be after about one hour’s time. The 
patient is then placed in Langer-Wittkowsky’s position, — a position 
halfways between dorsal and lateral, with the lower thigh in maximum 
flexion, the upper one fully extended; the central ray is directed on the 
root of the penis, and exposures made before and during micturition. 
There immediately arose the difficulty of getting the patient to pass his 
water; but with patience, and by the use of such reflex-evoking means 
as, for instance, the noise of running water, we in most instances suc- 
ceeded in carrying the investigation through. During those experiments 
we noticed that the patients, when told to pass their water, had a ten- 
dency to contract their abdominal muscles as an introduction to the 
micturition. This manceuvre does not produce any result; it was only 
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when we had made them understand that they must not »press», or when 
we had diverted their attention by one of the means just mentioned, 
that we succeeded in getting the micturition started. 

Before we proceed to describe the pictures which we obtained, and to 
discuss their interpretation, we will outline, however, the conception of 
the mechanism of micturition, such as it has been set forth in the works 
of various investigators, either physiologists or clinicians. It may be 
useful to remark in this place, however, that in the roentgen picture the 
configuration of the fundus of the bladder, the internal orifice and the pos- 
terior portion of the urethra is the same whether the micturition takes place 
while the individual is standing or lying down. 

From the large and varied material collected by ADLER in his ex- 
haustive treatise: »Die Herausbeférderung des Harnes» (in BETHE u. 
BERGMANN: Handbuch der normalen und pathologischen Physiologie, 
1929, vol. IV) we will try to extract and set forth the modern conception 
in regard to the structure and functioning of the bladder and its closing 
mechanism. 


Anatomy and Physiology 


The urinary bladder is a hollow muscular organ, in which we dis- 
tinguish between the vertex, the corpus and the fundus. The fundus 
rests against the muscles of the pelvic floor, with the prostate and the 
seminal vesicles intervening. The bladder is held in place by strong 
strands, partly of connective tissue, partly bundles of muscle fibres, from 
the bladder wall to th »rostate; and is further supported by strands of 
unstriated muscular tissue reaching it from its surroundings, — the 
pubovesical, rectovesical and deferentiovesical muscles. The basal part 
of the bladder follows the movements of the prostate. 


Musculature 


The wall of the bladder is composed of three muscular coats (see 
Fig. 1): 

1) an outer, longitudinal layer, strongly developed on the anterior 
and posterior aspects, more feebly on the sides. With this intertwine 
and blend the pubovesical, rectovesical and deferentiovesical muscles, 
which are attached partly to the inner margin of the symphysis, partly 
to the prostate. Laterally from these there are other, curving strands, 
closely surrounding the inferior portion of the ureters, on which they 
can produce a certain constriction. 

2) a middle, circular layer, composed of strongly developed fibres 
transversally deflected from the outer one. Inferiorly, these fibres sepa- 
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Fig. 1. (Schematic Representation after Hetss) 


A and B. — Anterior view of the outer, longitudinal muscular coat. — A, the super- 
ficial stratum, which downwards continues over in the pubovesical muscles. B, the deeper 
stratum after removal of the superficial stratum (A), showing the direction of the fibres 
in the base of the bladder. The longitudinally directed strands farthest away from the 
median plan turn aside near the upper margin of the prostate, cross over toward the 
middle, and form an orbicular muscle layer, which in B is seen between the bundles 
attached to the prostate. 

C. — Anterior view of the bladder after removal of the whole outer, longitudinal 
coat, showing the circular layer of the detrusor, from which bundles of fibres separate 
themselves and pass on downwards around the base of the bladder, where they join with 
other fibres and form a loop (Hetss’ detrusor loop). 

D. — Posterior view of the bladder, showing the circular fibres of the anterior side 
passing on into the chiefly longitudinally directed muscular layer, which, however, does 
not become inserted in the prostate. Two equally strong bundles of fibres join in the 
medial line. Deep down in the free triangle are seen muscle fibres of another character. 

E. — Posterior view of the bladder, with the outer and middle layers removed, 
showing the submucous musculature. From both ureters bands of densely arranged fibres 
pass to the urethral orifice. The characteristic triangular area of the trigonum vesica is 
seen, with its dense, extremely firm structure of very fine bundles of muscle fibres. In 
three places there is a distinctly visible outward curve of the mucous membrane of the 


bladder. 
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rate into strands directed obliquely and medially, and these, together 
with corresponding strands from the opposite side, form a muscular loop 
around the anterior circumference of the bladder, near the prostate 
(Hxtss’s detrusor). This group of circular fibres is reinforced by bundles 
of muscle which for the most part run longitudinally, but which do not, 
as the superficial ones, become inserted in the prostate. They pass for- 
ward, in almost equal portions, from the middle line of the dorsal side 
of the bladder, surrounding the lateral and inferior circumference of the 
latter, where they become continuous with the circular strands just men- 
tioned. This group is usually spoken of as the reinforced orbicular muscula- 
ture of tle sphincter vesica. 

3) an inner, longitudinal layer, specially strengthened by strands 
which from the orifices of the ureters pass downward toward the be- 
ginning of the urethra, where they unite and form a broad, connected 
muscular area close to the upper surface of the prostate. Thus is formed 
the musculature of the trigonum. Like Heiss, Youne and Wesson 
speak of two muscular strands in the inferior circumference of the bladder 
as playing a part in the closing mechanism of the latter, — an upper, 
arising from the outer, longitudinal layer, and a lower, arising from the 
circular layer. According to the same authors, the musculature of the 
trigonum is a separate unit. On the dorsal side of the prostatic urethra 
its fibres form a longitudinal layer which is an important mechanism for 
the micturition. 

The muscle fibres of the sphincter vesice and the strands reinforcing 
it do not surround the urethra completely, but form a sort of loop, which 
is open toward the back. As this loop is. closely connected especially 
with the longitudinal layer of the posterior bladder wall, the sphincter, 
which is open at the back, will, as the bladder gradually fills, cause a 
narrowing of the urethra from the front and sides, — an effect which is 
aided by the fact that the urethra opens obliquely inward. As the com- 
pression is applied only from in front and from the sides, there must 
also, however, be a factor working from behind, in order to make the 
closure complete, and this is found in the uvula. In speaking of the latter, 
Heiss describes an important muscle, the so-called m. retractor uvule. 
This consists of strands of fibres from the outer, longitudinal layer which, 
penetrating through the fibrous muscular tissue of the trigonum and 
radiating into the uvular region, become finely differentiated there, 
and pass on to the mucous membrane of the uvula as elastic strands of 
tendinous connective tissue. Of the function of this muscle we shall 
speak farther on. Besides, the uvular region contains a dense plexus of 
veins and lymphatic vessels, which may possibly produce an effect similar 
to that of a corpus cavernosum. Posteriorly, the sphincter vesice en- 
counters the musculature of the trigonum, which forms a second loop, 
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close to the former, and whose fibres run obliquely downwards and for- 
wards. The whole trigonum musculature, including this loop, consti- 
tutes what KaLiscHER calls the musculus trigonalis, and in this the pro- 
state is embedded. Peripherally from this trigonal sphincter lies a strand 
of smooth muscle fibres, which runs obliqueiy from the front upwards 
and backwards, and closes around the prostatic portion of the urethra, 
thus forming the internal sphincter. This bundle belongs entirely to the 
urethra. Upwards and backwards it connects with the musculus tri- 
gonalis. As already mentioned, the fact that the urethra opens obliquely 
into the bladder is an important circumstance. As a result of this, the 
bladder, as it fills, becomes more anteflected, and the urethra comes to 
open into it more tangentially. The unstriated musculature of the 
urethra now rises much higher up toward the bladder posteriorly, while 
anteriorly the circular layer belonging to the musculature of the detrusor 
is much more strongly developed. As the distension of the bladder aug- 
ments with the increased secretion of urine, the more and more tangential 
direction assumed by the urethra thus mechanically increases the force, 
with which the bladder is closed. When the detrusor begins to contract, 
a pull on the smooth musculature of the anterior wall will effectually aid 
in getting the urethra to open. ZANGENMEISTER calls attention to the 
manner in which the anterior and posterior walls of the bladder become 


‘ displaced in relation to each other during the contraction, owing to the 


oblique disposition of the fibres. More peripherally lies the transversally 
striped external sphincter. The inner, longitudinal layer of muscles sends 
out fine strands lengthwise to the urethra, which perhaps aid in making 
it possible for the latter to distend (PLESCHNER). As already men- 
tioned, the uvula projects like a peg into the detrusor loop, which is open 
toward the back, and thus gives to the closed orifice the shape of a cresc- 
ent, with the concavity backward. According to Heiss, the function 
of the uvula is to assist in the opening of the orifice when contraction of 
the m. retractor uvule pulls this peg out of the detrusor loop. 

By the contraction of the detrusor vesice, and especially of the cir- 
cular layer, the vertical diameter of the bladder becomes increased, and 
the orifice, which in a position of rest lies slightly above a line drawn 
from the lower margin of the symphysis to the sacrum, sinks to a lower 
level. This causes a tension of the elastic strands of muscle fibre — the 
pubovesical and prostatic ligaments — which bind the bladder to the 
symphysis. These strands come to exert a dilating pull on the anterior 
circumference of the orifice, and in this manner the latter gets a tri- 
angular, or heart-shaped, form. 

From the above description it will be seen that the musculature of 
the bladder is extremely complicated, and that the closing mechanism 
depends, for its function, on a number of different muscular systems. 
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Of the innervation we shall speak only briefly. The subject presents 
several points that have not as yet been fully cleared up, as the numerous 
experiments made with irritation or division of the nerves have not 
given concordant results. The main features of the nerve supply may be 
described as follows. The innervation is sympathetic, parasympathetic 
and cerebrospinal. The sympathetic supply is received, through the hypo- 
gastric plexus, from the truncus sympathicus lumbal part (ganglia 1V— 
VI). The fibres join and form the presacral nerve. The parasympathetic 
supply comes from the second and third sacral segments. The fibres run 
as pelvic nerves, or nervi erigentes, and spread in the bladder wall as the 
vesical plexus. There is communication with the spinal centre in the 
sacral region, and peripherally with ganglion cells. The cerebrospinal 
paths run through the pudendal nerve, which arises from the sacral 
plexus, and from the pelvic nerves. It may be noted that the innervation 
of the trigonum musculature is exclusively sympathetic, while in the rest 
of the fundus of the bladder it is both sympathetic and parasympathetic. 
It must be supposed that besides the extravesical ganglia there are gang- 
lion cells also in the bladder wall itself. 

The various reflexes on which the process of micturition depends 
are set into action through the paths here enumerated. We will not go 
into details concerning what particular paths are engaged during the 
different phases of the process, but will only mention BaRRINGTON’s 
reflexes, which are: 

1) Contraction of the bladder when the latter is distended during 
its filling. 

2) Contraction of the bladder when fluid is passing through the 
urethra. 

3) Contraction of the bladder when the posterior part of the urethra 
is distended. ; 

4) Relaxation of the urethra during the passage of fluid. 

5) Contraction of the bladder causes relaxation of the urethra. 


The Process of Micturition 


In infants, the evacuation of the bladder takes place automatically; 
that is, by reflexes set into action exclusively through the lower nerve 
centres. The child has to the trained, first to recognise the impulse to 
urinate; next to start or check the reflex mechanism voluntarily. As to 
how the impulse to urination arises, and wherein it really consists, opin- 
ion is still very much divided. ADLER describes the impulse as a peculiar 
sensation in the cervix of the bladder, or even in the urinary tract, arising 
from the need of evacuation and the desire to be relieved of something 
pressing. According to him it is altogether subjectively determined, may 
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occur irrespectively of the degree to which the bladder is filled, and must 
be absolutely distinguished from the sensation caused by a full bladder. 
In Franxt-HocuwartH and ZUCKERKANDL’s monograph the following 
three theories are presented: 

1) The impulse to micturition arises when drops of urine enter the 
prostatic part of the urethra. This part is highly sensitive and mobile, 
and the mere irritation caused by the urine expelled into it from a full 
bladder should originate an impulse to urinate. This opinion is shared 
by Posner, Fineer, Lanpors and other authors, but is opposed by 
FraNki-HocuwartH and ZUCKERKANDL, who think that they have 
been able to prove experimentally that irritation due to pressure does 
not produce the impulse, at least by no means in all individuals. Neither 
should, according to GoLDSCHMID, the impulse to urinate be aroused by 
spraying with cold water during urethroscopy. To this we would remark 
that in our hospital department we often hear a patient express a desire 
to urinate as soon as the tip of the instrument touches the prostatic 
part of the urethra. 

2) The impulse to micturition is evoked by the distension of the blad- 
der as the filling increases. The irritation which leads to contraction of 
the muscles is determined by the pressure existing in the bladder (GAULE). 
The reflex is supposed to be excited through action on the ganglion cells 


‘in the wall. The bladder controls the extent of its own filling; a certain 


hydrostatic pressure producing an irritation which the ganglion cells, 
through the local path of the reflex, can transmit directly both to the 
motor elements and to the central nerve system. 

3) The theory of contraction, advanced by Guyon, which in many 
points resembles the distension-theory just described. According to 
Guyon, the impulse to micturition should be excited by contractions of 
the detrusor. To this it is objected that the increasing filling causes ac- 
tive relaxation, not »forcible» distension. That the impulse to urinate 
depends on the degree to which the bladder is filled is a fact, however, 
which is confirmed by all later investigators. Here in Denmark KELLER 
has recently suggested that the impulse arises from the external apparatus. 
He says that it »originates and is connected with our control of the mic- 
turition; that is, with the increasing control of our external apparatus. 
Thus, the impulse is not felt by the infant, who is unconscious of its 
external apparatus; and where the apparatus no longer exists, so that 
the micturition takes place automatically, the impulse also disappears. 
When we add to this the fact that the impulse is not felt at the site of 
the bladder, but originates precisely at the site of the external apparatus, 
whence it radiates outwards along the urethra, it will certainly be agreed 
by most that a great deal speaks for the correctness of this conception. 
We should thus in the impulse to urinate see the conscious impression 
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corresponding to the increased contraction of the external apparatus 
which precedes an imminent micturition.» 


ADLER believes that the impulse can be evoked by sphincteral con- 
tractions without it being necessary that the pressure in the bladder 
should be correspondingly high, because the impulse may sometimes be 
seen to be present when the bladder is only slightly filled, or even when 
it is empty. He also points to the strong impulse to micturition which 
not infrequently arises in connexion with a sphincteral spasm. 

As regards the action of the musculature and closing mechanism of 
the bladder it is first to be said that the bladder must be regarded as a 
muscle in a condition of plastic tonus, whereby is meant that any one of 
its positions is a position of rest. The dilatation must be considered as 
active. In order to study the manner of its evacuation, micturition curves 
have been drawn up, based on various methods of registering the pressure 
variations in the bladder. The curve shows a rise during what 1s called 
the latent period, by which is meant the period from the onset of the im- 
pulse till the beginning of actual micturition. This pramictional rise in 
pressure is considered by ScHWARTZ as an absolute condition for the 
achievement of voluntary evacuation. It is believed that it occurs as 
the result of an increase of the tonus in the detrusor from the accumula- 
tion of fluid in the bladder. The process then goes on as follows. When 
the pressure has reached a certain point, the sphincter opens, and the 
evacuation begins. But in spite of this the pressure now rises until it 
attains its highest level, at which it then remains more or less constant, 
until toward the end of the micturition it rapidly falls to its final level, 
and the sphincter closes. That the intravesical pressure rises after the 
evacuation has begun is because the sphincter does not immediately 
open to its full extent, but only relaxes gradually. 


The urine is expelled through the action of the detrusor, especially 
by contraction of the circular layer. This is confirmed by the changes 
which, as roentgen examinations by BormMINcHAUS have shown, take 
place in the shape of the cladder. As the latter fills, its transverse dia- 
meter increases more than the vertical, and only when the accumulation 
of fluid becomes considerable does also the vertical diameter become 
noticeably greater. During the evacuation, the decrease in the trans- 
verse diameter is proportionally greater than that of the vertical one, 
because the circular layer constricts the bladder in the horizontal plane. 
As Heiss has shown, the resulting lengthening of the bladder causes the 
urethral orifice to sink to a lower level at the moment when the shape of 
the bladder changes from that associated with its filling to that asso- 
ciated with its evacuation. That this is the case, our own investigations 
fully confirm. Finally may be mentioned the theory according to which 
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the signal for evacuation is given at the moment when the plastic tonus 
gives way to a purely elastic one. 

The process by which the sphincter opens is, from all indications, an 
active one. The term »relaxation», which is often used to describe it, 
does not in this connexion signify »slackening» in the sense that an in- 
nervation becomes feebler or ceases altogether; on the contrary, a new 
force sets in, which calls forth an active muscular performance. The 
opening of the outlet from the bladder is the result of actual contractions, 
and is caused by a pull of the musculature in the side walls. The closed 
state must be regarded as the sphincter’s position of rest. When the 
sphincteral apparatus is intact, the point of closure lies on a level with 
the exit from the bladder. The external sphincter helps to make the 
closure still more complete, but can also perform that office alone, as 
it is seen in cases where the internal sphincter has been destroyed by a 
prostatectomy. On the other hand, also the internal sphincter alone can 
effectively prevent the escape of urine; and the bladder may thus be 
said to be functionally continent as long as only one part of the closing 
mechanism remains intact. This seems to prove the functional oneness 
of the whole closing mechanism. 

The voluntary relaxation of the internal sphincter is determined by 
impulses proceeding from the cerebral cortex. The positive sensation 
- and will are prepotent in determining the reflex action and, thus, the onset 
of micturition. After the external sphincter has become relaxed, the 
further evacuation of the urine takes place automatically. The rapidly 
falling pressure in the bladder is not in itself sufficient, however, to over- 
come the resistance offered by the sphincter; the latter must still be 
relaxed voluntarily. With the contraction of the detrusor there comes a 
relaxation of the whole urethra (Barrington’s reflex); the external 
sphincter, together with the ischiocavernosus and bulbocavernosus 
muscles, expel the last drops from the urethra, and finally the levator 
muscles raise the bladder upwards. The latter movement can be dis- 
tinctly felt if one tries to cease the process of micturition after it has 
once been started; it feels as if the rectum were being drawn upwards. 

As Fincer has shown the urethra becomes shortened by from one- 
half of an inch to three inches during the process of micturition, the por- 
tion nearest the bladder being, as it were, drawn into the latter. When 
the micturition starts, there occurs a funnel-shaped widening of the 
neck of the bladder. This formation, which is mentioned by several 
authors — E1ster, Hryntsack, BLuM and BormMincHaus — has been 
observed also by us, and will be discussed in greater detail in the following. 

Whether the changing blood pressure in the large venous plexus 
around the neck of the bladder and the prostate play any part as re- 
gards the evacuation of the urine is not certain. As Heiss has shown, 
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the bladder becomes straightened up during the commencement of the 
micturition, the portion nearest the neck being raised, while the orifice 
comes to lie at a lower level. In this manner the paravesical space should 
become distended and the impediment to the outflow of the accumulated 
blood be removed; the turgor of the tissues should decrease, and thus a 
freer passage be created for the evacuation of the urine. 


The greater part of the many investigations whose results we have 
tried to summarise in the foregoing have been made during recent years, 
but already in 1911 and 1912 a very clear and instructive description of 
the structure and functioning of the apparatus of micturition was given 
by Lenporr, based on his own partly clinical, partly anatomical studies. 
The chief points of his description are as follows. 

The preponderant factor is the prostate, whose unstriated muscula- 
ture, together with the striated muscle fibres associated with it, con- 
stitute the main elements of the opening and closing mechanism of the 
bladder. In describing the anatomy, LENDoRF begins by placing him- 
self in opposition to REHFISCH, according to whom the internal sphincter 
should be a muscle apart, having nothing to do with the prostate. He 
shows that, on the contrary, the internal sphincter forms a part of that 
organ, through the whole of which it continues right along as a central 
layer of circular muscle, — the vesicoprostatic sphincter. He conceives the 
prostate as a part of the posterior urethra modified by the development 
of a special glandular tissue. The posterior urethra is composed of a 
mucous membrane surrounded first by a longitudinal, and, outside of 
this, a circular layer of muscle fibres. At one point there has, on either 
side of the colliculus seminalis, been an outgrowth of glands, which have 
pushed the muscular layers aside, and have carried some of the fibres 
— the intraglandular fibres — along with them. In the course of their 
growth, these glands have propagated themselves in all directions through 
the circular coat, splitting the latter into two layers, — a central one, 
which forms the vesicoprostatic sphincter, and a peripheral one, which 
helps to form the capsule. As the bulk of the glandular growth does not 
extend all the way around to the front, the circular fibres are not se- 
parated there, but form one unbroken layer, — the thick anterior com- 
missure. 

Toward the back, the proximal part of the sphincter — the true 
sphincter internus — which is the part most strongly developed, is se- 
parated from the rest. It ceases a little above the colliculus seminalis, 
and corresponding to the latter the circular musculature is rather thin. 
Below the colliculus the sphincter is again strongly developed, also 
posteriorly, and becomes continuous with the smooth circular muscula- 
ture of the membranous portion of the urethra. There it is surrounded 
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by the external sphincter — the sphincter urethra membranacee or com- 
pressor urethre — the greater part of which lies in the urogenital dia- 
phragm, but which also continues upwards around the apex of the pro- 
state. The arrangement of the striated and unstriated muscles is thus 
precisely similar to that in the anus, with the external sphincter farthest 
outside and below, the internal sphincter inside and extending higher 
up. Anatomically, the whole internal, or vesicoprostatic, sphincter is a 
part of the prostate, and extends, as we have seen, all the way from the 
internal orifice to some way down in the membranous portion of the 
urethra. 

LENDORF now asks himself whether the whole of the prostatic urethra 
contracts in accordance with these anatomical conditions when we at- 
tempt to »hold our water or try to stop urinating after we have once 
commenced, or whether it is only the upper part — the internal sphincter 
— that shuts off the flow; and further, whether the réle of this internal 
sphincter is as important as REeHFiscH claims, and especially whether 
it is indeed a voluntary muscle. He believes with von Friscu that the 
supposedly voluntary movements are really counter-movements ori- 
ginated by the external sphincter, and a proof of this is that if one in- 
troduces a finger into the rectum one feels a strong contraction in the 
region of the urethral bulb every time the jet of urine is cut off. The 


‘ same observation applies to the movements of the posterior margin of 


the internal orifice, observed by GoLpscHM1D, of which more will be said 
later on. 

LENDoRF does not believe that the internal sphincter plays any 
essential part in the closing mechanism of the bladder, but that, on the 
contrary, even in its absence the individual may be able to pass or re- 
tain his urine in a perfectly normal and regular manner. As proof of 
this he cites the case of a patient who had undergone a suprapubic pro- 
statectomy, and in whom inspection by means of a retrograde cystoscope 
six months later showed the internal orifice standing completely open, 
affording an unobstructed view into the prostatic urethra, the lumen of 
which became gradually narrower downwards. Similar conditions have 
been observed on necropsy; and yet those patients had been absolutely 
able to retain their urine. 

LENDORF now points out that it is difficult to imagine that the striated 
external sphincter alone should be capable of closing the bladder in- 
definitely; something to which there is no parallel in the functioning of 
any other striated muscle. This favours the assumption that also the other 
circular muscle fibres in the prostatic urethra act in the manner of a 
sphincter, so that the lower part of the prostatic sphincter takes over the 
function of the destroyed internal one. This is confirmed by the con- 
ditions observed in cases where the individual has undergone a prostat- 
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‘ Fig. 2. 
2, 3, 4. — Normal urethra; 2 and 3 taken with the subject in recumbent posture, 
4 in erect posture. 


2. — Strongly built man, aged twenty-one years. The whole urethra well filled; 
corresponding to the urogenital trigonum there is a slight constriction. In the prostatic 
portion a distinct rarefaction corresponding to the colliculus. The internal orifice on a 
level with the inferior margin of the symphysis. 


; ectomy. The hypertrophy never extends all the way down to the apex 
% of the prostate; therefore a suprapubic operation does not affect that 
part, and the patient is still able to retain his urine; while in the case 
of a perineal operation, where also the lower part is destroyed, incon- 
tinence is more often observed, in conformity with what has just been 
said. Besides, LENporF has directly shown, by means of an irrigation 
urethroscope, that the prostatic portion is capable of contraction for the 
whole of its length, and of actively closing the urethra. 
4% As mentioned above, GoLDscHMID has observed, by urethroscopy 
through the tube to the posterior part of the urethra, that the sphincter 
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Fig. 3. 


3. — Man aged fifty-one years. Never any troubles of urination. Distinct funnel 
formation. Slight constriction corresponding to the urogenital trigonum. The internal 
orifice about level with the inferior margin of the symphysis. 


can be contracted and relaxed at will. With the fenestra directed back- 
wards he saw the posterior margin of the orifice move forward when the 
patient was told to hold his water, and recede when he was told to let 
it go. On the other hand, he saw no movements of the anterior margin 
when he turned his observation in that direction. From this he con- 
cluded that it is this receding movement of the posterior portion alone 
which causes the orifice to open, and that these movements are volun- 
tarily determined. 

LENDORF insists, however, that in order to get a true idea of the 
urethra and the internal orifice, and of the manner in which their shape 
changes, one must be able to observe the whole of the lumen at the same 
time. He succeeded in doing this by means of the straight tube to the 
anterior portion of the urethra, and he now saw that when the opening of 
the tube was held a little inside the external sphincter, and in continua- 
tion of the direction of the prostatic portion, while the urethra was being 
distended by the water from the irrigator, the cross section of the lumen 
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Fig. 4. 


4. — Man aged fifty-four years. Nervous dysuria. Distinct funnel. The internal 
orifice about level with the inferior margin of the symphysis. 


presented a circular outline, with the colliculus and crista appearing as 
a projection on the posterior wall, but only slightly elevated in propor- 
tion to the diameter of the lumen. As the tube was pushed farther in, 
the internal orifice was seen more and more distinctly. When the bladder 
had become partly filled, and the inflow of water cut off, and the patient 
was then told to hold the water back, the orifice was seen to close. When 
he was told to let go the water, the orifice opened. Next, it was seen that 
when the end of the tube was pulled farther back from the orifice, and 
the patient was told to hold the water, the whole prostatic portion con- 
tracted, the lumen becoming gradually narrower and finally closing en- 
tirely. At the same time, the shape of the lumen changed, so that it was 
seen as a slit, with the concavity opening backwards, into which the 
colliculus fitted in. Below this, between the colliculus and the external 
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Fig. 5. 


5, 6, 7. — Urethra of a man, aged seventy-one years, suffering from prostatic 
disorder, with pollakiuria for a year past, and once complete retention. No, or very 
little, residual urine. Prostate the size of a tangerine, of uniform, firm consistence. 


5. — The bladder before micturition. Shadow of enormous prostate distinctly 
visible. Inferior margin of bladder about on level with upper margin of symphysis. 


sphincter, the contracted lumen was round, narrowed to a point. The 
prostatic urethra is thus extremely mobile, and capable both of distending 
and contracting »on command». The degree of its capacity for contrac- 
tion corresponds very well with the anatomical extension of the vesico- 
prostatic sphincter, being greatest above and below the colliculus, slightest 
immediately opposite the latter. In accordance with this it is ‘also seen 
that after death, if the urethra and bladder are distended by means of 
a formalin injection, the part of the lumen nearest the colliculus, where 
the musculature is feeblest, will form a dilated pouch, bounded up- 
wards and downwards by the narrower lumina of the portions where the 
musculature is stronger. As already stated, the movements of the in- 
ternal sphincter must be regarded as counter-movements. 

As autopsy specimens show, the outline of the closed internal sphincter 
is round, or else more or less convex backward, according to the greater 
or lesser development of the uvula. In open condition it was found by 
WALDMEYER — who made it open after death by injecting formalin into 
the bladder — to be in some cases round, in others shaped like the heart- 
figure on a playing card, with the point forward. Lenporr found, by 
urethroscopy under irrigation on living subjects, that the open orifice 
was heart-shaped, or rather, that it had the form of an equilateral or 

19—340154. Acta Radiologica. Vol. XV. 1934. 
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Fig. 6. 


6 and 7. — During evacuation. No visible funnel; the upper portion of the prostatic 
has sunk downward only slightly. The shape of the posterior urethra being the same 


isosceles triangle, with the apex pointing forward and the base, with the 
uvula projecting in the middle, backward. If it were a matter of mere 
passive relaxation of an orbicular muscle, one would expect the opening 
to be round. As for the triangular form, two explanations are possible; 
either that it is determined by the surrounding prostatic tissue, or that 
the orifice is in some way or other distended by a traction which is not 
equally strong from all sides. Both Hente, Hyrti and the Danish in- 
vestigator IvERSEN recognised that the relaxation of the sphincter is 
not passive in the sense that it is overcome simply by pressure of the 
detrusor on the urine; but they believed that what overcomes its re- 
sistance was the traction exerted by the muscle bundles of the detrusor 
which HENLE found to be passing in between the fibres of the sphincter. 
LENDORF came to the conclusion that the opening was the resultant of 
the two processes, this traction and the active relaxation of the sphincter 
itself. By dissection of several normal bladders he found that not only . 
does the rather thin, longitudinal, inner layer of the detrusor continue, 
inside of the sphincter, down into the urethra, but that also the outer 
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Fig. 7. 


urethra of nearly uniform calibre all through. Its course S-shaped. The internal orifice 
during two phases of the micturition indicates rigidity and lack of elasticity! 


longitudinal layer attaches itself almost exclusively to the sphincter, to 
which it passes above the base of the prostate. Whether certain detrusor 
bundles were stronger than others could not be positively determined. 
What also speaks for the existence of this tractive factor is the interesting 
observation which LENDORF made, that when a bladder in situ, after 
death of the subject, was distended by injection of formalin, so that the 
urethral orifice opened, this opening would be heart-shaped in the man- 
ner described if the injection was made immediately after death, but 
round if it was not made until about twenty-four hours later. He con- 
cluded that this must be because the injection, when it was made imme- 
diately after death, would cause the still living muscular tissues to con- 
tract in the same manner as in the live subject, while later, when the 
muscles had become dead and incapable of reacting by contraction, the 
orifice opened quite passively, and therefore got the circular shape. These 
observations showed that the triangular shape was not determined by 
the surrounding prostatic tissue, but must be supposed to be due to the 
instrumentality of the detrusor. 
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Fig. 8. 


8. — Man aged forty-six years. Corpus alienum in the penis. Elephantiasis of the 
penis due to cocaine injections. Urethral fistula. The roentgenograph was taken after 
injection of contrast substance into the urethra. The prostatic portion is seen as a very 
thin line. The proximal part of the cavernous portion very wide. (In a roentgenograph 
taken after injection of uroselectan the prostatic portion was seen well filled.) The in- 
ternal orifice on a level with the upper margin of the symphysis. 


LENDORF’s supposition that some of the muscle bundles, more power- 
ful than the rest, exercise a particularly strong traction is confirmed 
by what was said about the bladder musculature in the beginning of this 
paper. In the posterior bladder wall there are precisely two symme- 
trical, equally strongly developed bundles of muscle fibres, which continue 
into the musculature of the sphincter and must exercise an equal, dilating 
pull on the two posterior corners of the urethral orifice. In the same man- 
ner, the anterior corner of the triangle is accounted for by the dilating 
forward pull caused by the tension of the pubovesical and prostatic liga- 
ments, as described on p. 263. 


| 
q 
a 
‘ 


ROENTGENOLOGIC STUDIES OF THE MALE URETHRA 277 


Fig. 9. 


9, 10, 11. — Man aged twenty-five years. Stricture of the urethra. Symptoms for a 

couple of years past. Prostate not enlarged. Urethroscopy under irrigation showed a 

narrowing of the lumen before the urogenital diaphragm was reached; when he contracted 

nothing was seen which resembled the radiating folds of the region around the sphincter. 

A thick bougie stopped at the same place; behind its bulbous extremity the urethra was 

felt to lie proximally from the urogenital and to be noticeably thickened. The case was 
one of congenital, organic stricture. 


9. — shows the bladder before the onset of micturition. The horizontal diameter 
is the largest. The internal orifice lies about on a level with the upper margin of the 
symphysis. 


The conclusion of LENDOoRF’s various researches is that the whole of 
the prostatic urethra takes actively part in the opening and closing of the 
bladder, and that under normal conditions the permanent closure of the 
latter does not rest on the internal sphincter alone; but that, on the contrary, 
it may be entirely dispensed with, and yet the normal process of micturition 
in no way be disturbed. His results thus agree completely with those ar- 
rived at by subsequent investigators, as detailed on p. 267. An extremely 
important consequence of this function of the prostate is that the prostatic 
urethra, in order to fulfill its normal function, must have .sojt, elastic walls, 
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Fig. 10. 


10. — The urethra after direct injection of contrast fluid. A very little of it has 
penetrated beyond the stricture, but nothing is seen of the posterior urethra. 


and that the whole of this region must be freely mobile, in default of which 
the normal process of micturition is disturbed. 

LENDORF now applied these conclusions to the interpretation of the 
various disturbances of micturition, especially those that are due to 
prostatic disorders. He had already previously described the pathogenesis 
and pathoanatomy of hypertrophy of the prostate, and had shown that 
there was no question of that disease causing constriction of the urethra, 
as might be seen also from the fact that even in cases of extreme hyper- 
trophy a thick catheter can be introduced into the canal. The hyper- 
trophy has its seat immediately around the mucous membrane of the 
urethra, and starts from the accessory glands situated there, centrally 
from the vesicoprostatic sphincter. The latter is gradually forced farther 
and farther away froi the mucous membrane, and is no longer able to 
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Fig. 11. 


11. — The urethra during micturition after uroselectan. The bladder has assumed 
the shape which it has during evacuation; its horizontal diameter has become very much 
shortened, the vertical one lengthened as a result of the contraction of the circular layer; 
the internal orifice has sunk considerably downwards. The whole of the posterior urethra 
is well filled; it has become longer and wider, its contour wavy. 


cause the orifice and the prostatic urethra to open sufficiently during 
micturition. By and by it becomes distended to its maximum by the 
hypertrophic masses, exerts an increasing pressure on these, and thus 
the walls of the urethra are squeezed together. Eventually, the detrusor 
completely loses the assistance which it should receive from the active 
relaxation of the sphincter during evacuation of the urine, and thus the 
well known disturbances of the micturition set in. In atrophy of the 
prostate the same is the case. Also there the determining factor is in- 
elasticity of the sphincteral apparatus and the urethra, with resulting 
retention or incontinence. The condition here described is thus the 
chief cause of disturbances to the normal process of micturition; but it 
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Fig. 12. 


12, 13. — Boy, aged seventeen years. Ischuria, due to a probably congenital valve 
the age of seven years. Urethroscopy under irrigation showed no strictures or valve for- 
posterior limit of the internal orifice, which thus, seen from below, seemed to project 
proximal margin of the orifice was found to be very firm; it projected largely, and was 
so that the orifice came to lie wide open. Owing to the difficult location, suture of the 

In connexion with this case may be mentioned another, described by LENDoRF, of 
retention became considerably less after galvanocautery of a membranous valve in the 


cannot be denied that, beside this, also other mechanisms may some- 
times intervene, more incidentally, due to the presence of a medial valve 
flap, a barrier formation, or a deviation of the urethra owing to the 
presence of some exceptionally projecting nodule. 


The results of our own investigations are in good accord with the 
conditions described in the foregoing pages, and especially do they di- 
rectly confirm the views of LENDORF. 

As already mentioned, several investigators — EisLer, HRYNTSACK, 
Bium and BormincHaus — noticed the formation, during evacuation 
of the bladder, of a funnel- or cone-shaped figure corresponding to the 
neck of that organ and the upper part of the prostatic urethra, and in 
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Fig. 13. 


formation in the proximal part of the internal orifice. Difficulties of micturition since 
mations in the prostatic urethra, but a rather large prostatic sinus just in front of the 
considerabiy. The orifice was circular, not triangular. On transvesical operation, the 
more difficult to push back than is normally the case. It was severed in the middle line, 
mucous membrane was not attempted. After this intervention the retention ceased. 

a man, aged seventy years and suffering from ischuria in a marked degree, in whom the 
proximal circumference of the internal orifice. 


our investigations we made the same observation. It is impossible from 
the roentgenographs to make out to what extent the neck of the bladder 
and the urethra respectively enter into the formation of this figure; but 
the probability is that the posterior urethra is very largely involved, 
because in cases where the prostata is hypertrophied we do not find 
the figure very pronounced, but the urethra of almost equal width all 
the way from the fundus of the bladder forward, which accords very 
well with the fact that in such cases that entire portion, as we have seen, 
is rigid and unelastic. In normal subjects it is probable that both the 
neck of the bladder and the urethra enter into the formation of the funnel. 

Besides, we have found — independently of earlier investigators who 
have come to the same result — that the portion which must be assumed 
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to correspond to the internal orifice sinks downward when micturition begins. 
We have ascertained this by comparing its relation to certain points of 
the skeleton before and during evacuation, taking care that the line of 
projection was exactly the same under both conditions. 

We have also succeeded in showing that a good picture of the posterior 
urethra can be obtained only when the evacuation takes place without the 
urethra having been touched either by the introduction of a catheter or 
by injection. If this precaution has been observed, the posterior urethra 
fills nicely. That it does not appear at all, or only as a narrow line, when 
contrast fluid is injected directly, confirms the description which Lrn- 
DoRF gives of the function of the vesicoprostatic sphincter; this muscle 
reacts to the irritation produced by the introduced instrument or in- 
jected fluid by a strong reflex contraction, and constricts the whole pro- 
static portion of the urethra. That this is so is clearly seen by comparing 
the results of the two methods applied to the same patient. 

Of more incidental observations made in the course of our experi- 
ments it may be mentioned that the stream of urine in its passage through 
the prostatic urethra can sometimes be rather clearly seen to divide 
around the colliculus seminalis, which in the film is seen as a slight de- 
fect in the shadow representing the fluid; a phenomenon observed also 
by earlier investigators. 

Finally, it is our observation, as also mentioned in the beginning, 
that voluntary contraction of the abdominal muscles has no effect of 
setting the process of evacuation in motion, not even in the case of nor- 
mal subjects. LEnDorF strongly emphasises the same as regards patients 
suffering from prostatic disorders, and points out that such contraction 
has no effect when the obstacle lies inside of the urogenital diaphragm. 

In our investigations we have not dealt with the question of the 
differences existing between the mechanism of evacuation and that of the 
genital function; it must suffice to say that in all probability the reflexes 
involved in the case of the two functions follow entirely different paths. 

In conclusion, we will describe the pictures shown in Fig. 2—13, which 
we have chosen from among a great number as typical of the conditions 
observed partly in normal individuals, partly in individuals suffering 
from troubles of urination due to some cause or other (see text of Fig. 
2—13). 


SUMMARY 


The authors give an account of the various theories concerning the mechanism of 
micturition, and describe the musculature concerned in that function. They emphasise 
particularly the great importance of the free mobility of the region around the internal 
orifice and the prostatic urethra, and the action of the vesicoprostatic sphincter. 

They indicate a method for obtaining a roentgenologic picture of the whole urethra, 
especially the prostatic portion, during micturition, by intravenous injection of uro- 
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selectan, and show its superiority to the method of direct injection of contrast fluid 
into the urethra or bladder. They illustrate the results obtained by them by means of 
a series of roentgenographs showing different types of micturition, either normal or 
under various pathologic conditions. 


ZUSAMMENFASSUNG 


Die Verfasser berichten iiber die verschiedenen Theorien iiber den Mechanismus 
der Harnentleerung und beschreiben die an dieser Funktion beteiligte Muskulatur. 
Sie betonen besonders die grosse Wichtigkeit der freien Beweglichkeit der um das Ori- 
ficium internum und um die Pars prostatica urethrae gelegenen Region und der Tatig- 
keit des vesikoprostatischen Sphinkters. 

Die Verfasser geben ferner eine Methode an, die es durch intravenése Injektion von 
Uroselektan erméglicht, ein réntgenologisches Bild der ganzen Urethra, besonders des 
prostatischen Teiles wihrend des Miktionsaktes zu erhalten, und zeigen die Uberlegen- 
heit dieser Methode iiber diejenige der direkten Injektion von Kontrastfliissigkeit in 
Urethra oder Blase. Die erreichten Resultate sind durch eine Serie von Réntgenogram- 
men illustriert, die verschiedene Miktionstypen zeigen, normale oder solche unter ver- 
schiedenen pathologischen Bedingungen. 


RESUME 


Les auteurs rendent compte des diverses théories sur le mécanisme de la miction et 
décrivent la musculature qui préside 4 cette fonction. Ils insistent en particulier sur 
l'importance considérable que présente la mobilité de la région autour de l’orifice interne 
et de l'uréthre prostatique, ainsi que sur l’action du sphincter vésico-prostatique. 

Ils exposent une méthode permettant d’obtenir une image radiologique de tout 


luréthre, et notamment de sa portion prostatique pendant la miction, par injection 


intra-veineuse d’urosélectan et signalent les avantages de cette méthode sur celle 
qui consiste & injecter directement un milieu de contraste dans l’uréthre et dans la vessie. 
Ils illustrent leur communication et les résultats atteints au moyen d’une série de radio- 
grammes montrant les différents types de miction dans des conditions normales ou 
dans des conditions pathologiques diverses. 
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FROM THE ROENTGEN DEPARTMENT OF THE ROYAL SERAPHIMER HOSPITAL, STOCKHOLM, 
CHIEF: PROF. GOSTA FORSSELL 


THE RESULTS OF EXAMINATION OF THE PETROUS 
BONE IN AUDITORY NERVE TUMORS’ 
by 


Bertil Ebenius 
(Tabule XLIII—XLY) 


In the year 1910, F. HENSCHEN (2) stated that auditory nerve tumors 
generally emanated from that part of the eighth nerve, which lay within 
the internal acoustic canal. Prior to this time the opinion was that, that 
part of the tumor which lay within the auditory canal was a secondary 
ingrowth from a tumor arising from without the canal. In all of his fif- 
teen cases, HENSCHEN found a stalk of tumor tissue within the canal and 
revealed that expansion of the canal and decalcification of the petrous 
apex were constant findings. He suggested that such skeletal changes 
might be visible in the roentgenograms. Early in 1911 this supposition 
was verified by G. ForssELL, when he demonstrated roentgenological 
changes in a case of auditory nerve tumor at the Seraphimer Hospital. 
In this examination the patient was so positioned that the internal 
auditory meatus was projected into the external meatus. 

Since 1911, the roentgenology of the auditory nerve tumors has inter- 
ested many authors, the most valuable contributions being made by 
MAYER (6), SCHULLER (11), and STENveERs (12). In 1917 Cusnine (1), in 
his great work concerning the clinical and therapeutic aspect of acoustic 
tumors, described the roentgenological changes in detail. Finally OLIvE- 
CRONA (9) in his work about cerebral tumors, mentioned twelve operated 
cases of auditory nerve tumors, all roentgenologically examined. 

Thirty-four cases of acoustic tumors, all of which were examined by 
roentgen rays and verified by operation at the Seraphimer Hospital, form 
the bases of this paper. This material, which extends over a four year 
period, 1929 to 1933, was examined by the same roentgenological tech- 
nique. Earlier cases examined by different techniques were excluded. 
H. Ovivecrona performed all of the surgical procedures. 


1 Submitted for publication March 9th, 1934. 
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Our intention is to estimate the value of the various roentgentech- 
niques and to investigate the roentgenological possibilities in the 
diagnoses of acoustic tumors. To do this, the variations in both the 
normal and the pathological were studied. 

Of all projections generally used in the diagnoses of acoustic tumors 
the following six are the most important. For the details of the roentgeno- 
logical technique employed, the reader is referred to the works of Lys- 
HOLM (4), (5). 


1. Projection of the internal meatus in the external meatus. 


This projection is not very suitable, as marked atrophy in the petrous 
apex results in faint outlines of the internal meatus. Such changes cause 
difficulty, both in the judgement of variations in the petrous apex and in 
the determination of the outline of the meatus. Stereoscopic films in such 
eases help but little. Because of this fact and because RunstROM (10) 
has observed that the internal meatus is easily confused with the vesti- 
bulum, we seldom use this method. 


2. Projection of the internal meatus symmetrically in the orbits. 


The symmetrical adjustment makes the comparison between both 
sides easier. One obtains a suitable projection of the internal meatus 


‘ by the fact, that the direction of the rays is nearly at right angles to the 


long axis of the auditory canals. However, the plane of the internal 
acoustic orifice forms such an angle with the line of radiation that the 
outline of the orifice is indistinct. For this reason, this projection is 
rarely used by us. 


3. Stenvers’ projection. 


This position is suitable for an examination of the internal orifice. 
However, the amount of obliquity of the projection is sufficient to 
cause a foreshortening of the meatus (Fig. 1), thus leading to difficulties 
and often mistakes in interpretation. Because of the limited value we 
rarely use it. 


4. Frontal orthoprojection in the lateral position. 


All that is said about Stenvers’ position can also be referred to this 
projection as it also gives the less suitable oblique view of the internal 
auditory canal (Fig. 2). 


5. Frontal-dorsal or dorsalsymmetrical projection. 


This position differs from Stenvers’ projection in that the direction 
of rays is nearly at right angles to the long axis of the internal canal, this 
fulfilling the theoretical supposition for an exact picture of the internal 
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auditory canal. Even though the direction of the ray is very nearly par- 
allel with the plane of the internal orifice, a good outline of the orifice is 
obtained. The changes in the posterior surface of the pyramid are per- 
fectly visible. As no disturbing skeletal parts overlie, this view also allows 
surveyance of other portions of the skull base such as, the remainder 
of the petrous bone, the dorsum sellae, the foramen magnum and the adja- 
cent parts of the posterior cerebral fossa. This is of the greatest impor- 
tance as these structures often present changes in the acoustic tumors. 

Mistakes to avoid: To obtain this projection the tube is inclined 
about 35 degrees cranially from the vertical zero-position, the sagittal 
plane of the head being parallel to the line of radiation. The occiput is 
placed against the film and a rectangular primary diaphragm is used. 
If the angle is too small, the little wing of the sphenoid is projected over 
the internal auditory canal, thus obscuring it. Occasionally the posterior 
outline of the sulcus sigmoideus forms a sharp ridge, which, even if the 
position be correct, is projected over the meatus. An alteration in the 
inclination of the tube corrects both of these conditions. 


6. Azval or submental-vertical projection. 


As in the fronto-dorsal position, the internal canal appears in its 
entire length in this projection, for the direction of the rays is perpendicular 
to the long axis of the canal. Other parts of the petrous bone, adjacent 
parts of the posterior cerebral fossa, the foramen magnum and the clivus 
can also be studied. 

Mistakes to avoid: In making this view, the head is dorsiflexed, so 
that the central line of radiation is nearly at right angles to the base of 
the skull. The film is placed against the vertex and a rectangular primary 
diaphragm is used. The bow of the atlas or the angles of the mandible 
will be projected over the petrous bone if the tube is inclined too far cau- 
dally or if the head is not sufficiently dorsiflexed. The jugular foramen 
which usually overlies the internal meatus, sometimes gives confusion. 
These variations of projection may be corrected by altering the inclination 
of the tube or changing the dorsi-flexion of the head. The ideal view is one 
in which the angles of the mandible are projected just anterior to the 
petrous apex. 

The essential condition for judging alterations in the internal meatus is 
to slightly overexpose the films. Stereoscopic views make interpretation 
easier in dubious cases. 

Our experience with the last three mentioned projections in the diag- 
noses of acoustic tumors, is thus summarized: The frontal-orthoprojec- 
tion was used in twenty-one of the thirty-four cases. Many of these ex- 
aminations were stereoscopic. In no case did this projection give better 
results than the frontal-dorsal or axial views. On the contrary, in two 
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cases, roentgen pathology, which could not be demonstrated by the fron- 
tal-orthoprojection was demonstrated by the other two positions. We 
therefore feel that the only two views suitable for the examination of the 
petrous bone in a case suspected of acoustic tumor are the frontal-dorsal 
and the axial. Both of these positions are necessary for a complete ex- 
mination, for by projections in two planes, very nearly at right angles 
to one another, an almost perfect impression of the meatus, internal 
auditory orifice and all adjacent skeletal parts is obtained. 


Table I 
The width of the internal acoustic meatus in the roentgenpicture in 100 normal cases. 
Fronto-dorsal Axial 
projection projection 


Table II 
The difference in width in the roentgenpicture between the left and the right internai 
acoustic meatus in 100 normal cases: 


Difference Fronto-dorsal Axial Fronto-dorsal 
in mm projection projection and axial proj. 
67 % 62 % 41 % 


In order to determine the normal variations in the size of the internal 
meatus, the diameter of that portion of the meatus nearest the orifice 
was measured in one hundred non-pathological cases. Such measure- 
ments which are recorded in tables I and II, are made from films taken 
in both the fronto-dorsal and axial projections. All films are made using 
the LysHotm-ScHONANDER apparatus for roentgenexamination of the 
skull (5). With this apparatus the vertical film distance was 74.5 cm. 
and the tablesurface-film distance was 3.5 cm. By using these figures 
and by taking into consideration the distance from the center of the in- 
ternal canal to the film, calculations reveal that the linear enlargement of 
the canal on the film was 28 % in the frontal-dorsal projection and 25 % 
in the axial projection. The latest model of LysHoLMs’ apparatus has a 
focal-film distance of 72.5 cm. and a tablesurface-film distance of 2 cm. 
The linear enlargement is 25 °/, and 23 % respectively in the fronto-dorsal 
and axial projections. 

Examination of tables I and II reveals that considerable variation in 
the width of the internal meatus is common. Such variations exist be- 
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tween the two sides of the same individual as well as between the same side 
of different individuals. A difference of 1 mm. or more between the 
right and the left side is observed in 59 of the one hundred normal cases 
examined. Because of this, the diagnoses of acoustic tumor must be made 
with caution. 


Table LI 
The roentgensymptoms in 34 cases of acoustic tumor: 

Cases 
Expansion and deformity of the internal acoustic meatus . . . 27 79.4 
Decalcification without erosion of the apex. ......... 27 79.4 
Decalcification with erosion of the apex ........... 8 23.5 
Decalcification of the dorsum sellae ...........4.. 20 58.8 
Destruction of the dorsum sellae due to pressure ....... 6 17.6 
Decalcification around the foramen magnum . ....... 5 14.7 
Other signs of increased intracranial pressure ........ 9 26.5 


In table III the roentgenological findings in the thirty-four cases of 
the eighth nerve tumors are listed. An expansion deformity of the in- 
ternal meatus is present in twenty-seven or 80 % of the cases. Usually 
this expansion is largest in the orifice. This results in a more or less 
pronounced funnelshape of the canal. This funnel deformity is typical 
an acoustic tumors and is usually of more diagnostic importance than a 
mere expansion of the meatus. Usually decalcification of the petrous 
bone accompanies the canal changes. Of the seven remaining cases, 
cases which did not show canal changes, five revealed areas of destruc- 
tion, due to pressure, in the apex and in the dorsum sellae, thus loca- 
lizing the tumor to the cerebellar-pontine angle. The other two cases 
gave signs of increased intracranial pressure. The forward displacement 
of the dorsum sellae described by ScHULLER and other authors as a 
typical sign for acoustic tumor is seen but once in our series of cases. 

Conclusions as to the size of the tumors is only possible in cases where 
the destruction of the petrous bone is extensive or where the neighboring 
osseous structures are eroded. 


Conclusions 


Thirty-four cases of acoustic tumor, verified by operation were 
examined by the same roentgenological technique. The internal acou- 
stic meati were symmetrically photographed in a frontal-dorsal and in 
an axial projection. The results of the investigation were: 

1. All of the cases gave positive roentgen signs. About 80 % showed 
expansive destructive changes in the internal meatus. In the remaining 
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Fig. 1. Stenvers’ projection. Fig. 2. Frontal-orthoprojection in the 
lateral position. 


Fig. 4. 


Axial projection. (In fig. 1—4 shows the internal auditory canal filled with 


opaque substance). 
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tween the two sides of the same individual as well as between the same side 
of different individuals. A difference of 1 mm. or more between the 
right and the left side is observed in 59 of the one hundred normal cases 
examined. Because of this, the diagnoses of acoustic tumor must be made 
with caution. 


Table LI 
The roentgensymptoms in 34 cases of acoustic tumor: 

Cases % 
Expansion and deformity of the internal acoustic meatus . . . 27 79.4 
Decalcification without erosion of the apex. ......... 27 79.4 
Decalcification with erosion of the apex ........... 8 23.5 
Decalcification of the dorsum sellae ............. 20 58.8 
Destruction of the dorsum sellae due to pressure ....... 6 17.6 
Decalcification around the foramen magnum . ....... 5 14.7 
Other signs of increased intracranial pressure ........ 9 26.5 


In table III the roentgenological findings in the thirty-four cases of 
the eighth nerve tumors are listed. An expansion deformity of the in- 
ternal meatus is present in twenty-seven or 80 % of the cases. Usually 
this expansion is largest in the orifice. This results in a more or less 
pronounced funnelshape of the canal. This funnel deformity is typical 
an acoustic tumors and is usually of more diagnostic importance than a 
mere expansion of the meatus. Usually decalcification of the petrous 
bone accompanies the canal changes. Of the seven remaining cases, 
cases which did not show canal changes, five revealed areas of destruc- 
tion, due to pressure, in the apex and in the dorsum sellae, thus loca- 
lizing the tumor to the cerebellar-pontine angle. The other two cases 
gave signs of increased intracranial pressure. The forward displacement 
of the dorsum sellae described by ScHULLER and other authors as a 
typical sign for acoustic tumor is seen but once in our series of cases. 

Conclusions as to the size of the tumors is only possible in cases where 
the destruction of the petrous bone is extensive or where the neighboring 
osseous structures are eroded. 


Conclusions 


Thirty-four cases of acoustic tumor, verified by operation were 
examined by the same roentgenological technique. The internal acou- 
stic meati were symmetrically photographed in a frontal-dorsal and in 
an axial projection. The results of the investigation were: 

1. All of the cases gave positive roentgen signs. About 80 % showed 
expansive destructive changes in the internal meatus. In the remaining 
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Fig. 4. Axial projection. (In fig. 1—4 shows the internal auditory canal filled with 
opaque substance). 
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cases areas of destruction, due to pressure, were found in the apex or 
adjacent skeletal parts in 15%. Only 5 % presented no local changes. 

2. The technique used for examination, frontal-dorsal and axial 
symmetrical projections, was theoretically correct and proved to be su- 
perior to other available methods. 

3. Oblique projection of the internal auditory canal is not suitable 
in investigations of the petrous bone for acoustic tumors, as the internal 
meatus does not appear with the desired distinctness. Stenvers’ and 
other like projections are therefore of little value for these examinations. 

4. The width of the internal meatus has shown remarkable variations 
in normal material. A difference of 1 to 3 mm. between the right and 
the left side occurred at the orifice in 59 % of the cases. 

5. The frequent funnelshaped deformity of the internal acoustic 
meatus is typical for the acoustic tumors and is usually of greater diagnos- 
tic value than mere expansion, as such expansion may cause no greater 
width of the meatus than that seen in many normal cases. 


SUMMARY 


The author has made use of an axial (submento-vertical) and a fronto-dorsal pro- 
jection whereby the internal acoustic meatus is reproduced in two planes nearly perpen- 
dicular to one another. These two projections have proven to be completely satisfactory 
for the purpose. Expansion and typical funnel-shaped deformity of the internal meatus 
has been demonstrated in 80 % of 34 verified cases. 


ZUSAMMENFASSUNG 


Verf. bediente sich einer axialen (submento-vertikalen) und einer fronto-dorsalen 
Projektion, wodurch der Meatus acusticus internus in zwei fast rechtwinklig zueinander- 
stehenden Ebenen abgebildet wurde. Diese beiden Projektionen erwiesen sich fiir den 
beabsichtigten Zweck als véllig ausreichend. In 80 % von 34 verifizierten Fallen wurde 
Expansion und typische trichterférmige Deformierung des Meatus internus nachgewiesen. 


RESUME 


L’auteur a recouru 4 une projection axiale (sous-mento-verticale) et & une projection 
fronto-dorsale ce qui a permis de reproduire le méat acoustique interne dans deux plans 
sensiblement perpendiculaires. Ces deux projections se sont montrées parfaitement 
suffisantes pour le but recherché. Dans 80% des cas vérifiés, on a pu constater une 
expansion et une déformation typique en entonnoir du méat interne. 
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FROM THE PHYSICAL LABORATORY OF THE RADIUMHEMMET, STOCKHOLM. 
CHIEF: R. M. SIEVERT 


THE INTENSITY DISTRIBUTION AROUND RADIUM 
PREPARATIONS * 


by 


Sven Benner 


On account of its great practical importance, the intensity distribu- 
tion around radium preparations has been examined in a large number 
of papers, most of which cannot be dealt with in detail here; it will be 
sufficient to refer to papers by Srevert(1) and Murpocu (2), which 
contain extensive bibliographies. Only some of the more recent papers 
will be analysed in the following. 

Most of the researches on the present subject (1, 3, 4, 5, 6) have been 


"carried out on the mathematical method. In some cases the radium pre- 


parations have been assumed so small that they may be regarded as 
point sources, and the contribution from each preparation to the inten- 
sity at a given point has been calculated by the inverse square law; most 
authors also take the absorption of the y-radiation in the intervening 
medium into account. When the radium preparations are not small, 
the contributions from each volume element of them are added together 
to find the total intensity at a given point. The primary a- and f-rays 
are completely absorbed by the walls of the radium preparation, if we 
disregard plane preparations, unscreened radon seeds, and suchlike thin- 
walled preparations. The secondary f- and y-radiations excited in the 
walls of the radium preparations and in the intervening medium by the 
primary y-rays are, however, well known to be important, and are discus- 
sed by several authors, but have not, as far as I know, been taken into 
consideration in the formulae, on account of mathematical difficulties 
and inadequate knowledge of their intensity and distribution in different 
directions. 

For these reasons an experimental test of the theoretical formulae 
is desirable. This can be done by two methods, the photographic or the 
ionisation method. Both have been applied by a number of authors to 


* Submitted for publication March 6th, 1934. 
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determine the intensity distribution around radium preparations, but 
usually the results have not been compared with the theoretical formu- 
lae, and therefore they cannot be utilized to test the latter. Only May- 
NEORD (7) gives the experimental and theoretical isodoses for one and the 
same case. There is a general agreement between the two diagrams, 
but in some details they diverge. GoLDHABER and GrRIFFITH(8) find good 
agreement between their experimental results and the formulae of 
Srevert (1). Bruzau(9) and GrirrirH (10), comparing the intensity 
measured by the ionisation method at the same distance from a small 
radium preparation in air and in water, found only a very slight difference, 
indicating that the secondary y-radiation from the water nearly outweighed 
the loss of intensity in the primary y-rays by absorption. With chambers 
of heavy metals, Bruzavu found an even higher intensity in water than in 
air; he has accounted for these results in a general way, from theoretical 
considerations, by making certain simplifying assumptions. According 
to Bruzavu, the chambers are more sensitive to the softer secondary 
radiation than to the primary radiation (if the intensity of the rays is 
measured by their energy, e. g. expressed in ergs/cm?*- sec; if, on the 
other hand, the intensity is measured by the ionisation in free air, the 
sensitivity of a light metal chamber will be constant throughout the 
y-ray range). REEs and CLaRrK(11) believe that a copper chamber is much 
more sensitive to the secondary y-rays than’ to the primary ones when 
their intensity is measured by the free air ionisation. It seems probable, 
however, that the results are vitiated by their neglecting the absorption 
of secondary f-rays from the water in the copper filters used for quality 
determination. 

The photographic method has been used by GuUEBEN, (12) and by DEN 
Hoep and Srogt(13). It consists in measuring photometrically the blacken- 
ing at different points of a photographic film, exposed for a known time 
to radiation from the preparations around which the intensity distribu- 
tion is to be determined. If the sensitivity and gradation of the film have 
been determined by exposure to a known intensity (e. g. at a known dis- 
tance from a preparation of known radium content), the intensity can 
be calculated from the blackening at the different points of the first- 
mentioned film. 

By this method, the intensity can be determined very close to the 
radium preparations, where the intensity varies very rapidly with the 
distance. As it is difficult to make very small ionisation chambers, 
measurements cannot be taken as near to the preparation by the other 
method as by the photographic. Another advantage is that the intensity 
can be measured at a large number of points on a single film. On the 
other hand, the method has certain disadvantages. It is difficult to get 
constant and reproducible results. Little is known about the sensitivity 
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of the photographic layer to different wave lengths, and probably most 
of the blackening is caused by secondary f-radiation from the wall of 
the radium preparation or from adjacent objects. 

The photographic method of intensity measurement has also been 
used by other authors, e. g. HotrHusen and Hamann. (14) 

In recent years, besides by the authors mentioned below, the ionisation 
method has been used by Mayneorp(7), and Gotrz(15), 
REINHARD (16), JACOBSSON (17), MurDocH (2,18), and Faria, Quimsy, 
MaRINELLI and Rose.(19) When measurements are to be taken by the 
ionisation method, very close to the radium preparation, small chambers 
must be used, as mentioned above, and the currents to be measured are 
therefore very weak. The chamber is usually connected to an electrometer 
or other measuring device by a wire running inside a protecting tube. It is 
difficult to screen this tube sufficiently against y-rays to ensure that the 
current due to ionisation in the tube will be small compared with the ionisa- 
tion current in the chamber itself. Some authors have used an evacuated 
tube (8) or a tube filled with an insulator like ceresin to eliminate this 
disturbing current. StaHEL(20) fills the chamber with an insulating liquid, 
and thus greatly enhances the ionisation current compared with that 
in air. DEN Hoep and and Coxtez(21) quite eliminate the con- 
necting lead by using the ionomicrometer of MALLET and DANnNgE, a very 
small electrometer which at the same time serves as an ionisation chamber. 
This electrometer cannot, however, be made as small as the usual ionisa- 
tion chambers. Very small chambers free from disturbing effects due to 
connecting leads can be made on the condenser chamber method of 
SIEVERT (22). In that method, the very well insulated inner electrode of 
an ionisation chamber is designed to have a convenient electrostatic capa- 
city. When the chamber is opened, the inner electrode can be connected 
to one pole of a dry battery giving a tension of a few hundred volts, 
while the other pole of the battery is connected to the wall of the chamber. 
The inner electrode thus acquires a certain electric charge; when the 
chamber is shut again, and exposed for a known time to the radiation 
the intensity of which is to be measured, the inner electrode will lose 
part of its charge. After removing the chamber from the radiation field, 
it is again opened and the inner electrode is connected to an electrometer 
to measure the charge remaining after irradiation. The loss of charge is 
proportional to the intensity. 

In this method, the chamber is quite free from connecting leads during 
the exposure, as is the MALLET and DANNE ionomicrometer, but it con- 
tains no sensitive parts, and can therefore be made much smaller and 
more robust, and can be used in any position. Chambers on the same 
principle have later been constructed by MALLET (23). These, however, 
seem to suffer from the technical disadvantage that they are opened by 
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unscrewing an amber plug in direct contact with the inner electrode. A 
sumilar construction has been tried at this laboratory by Smevert, but 
was discarded when the amber plug on removal was proved to carry 
with it a fraction of the charge of the inner electrode which fraction, 
although small, was quite incalculable; constant results could thus not 
be obtained. Sievert therefore changed the design so that the outer wall 


Y 
OOO 


Fig. 1. The new needle chamber. The wall of the chamber is made of brass or 
electron metal. Scale 4:1. 


of the chamber was unscrewed instead of the amber plug; the same 
principle is applied in the chambers with which most of the measure- 
ments described below were taken (see fig. 1). 

Direct measurements of the intensity distribution have been carried 
out by the author, inter alia on patients undergoing interstitial treatment 
with radium needles. For this purpose, brass needle chambers according 
to Srevert (24), and chambers of 
similar design but shorter and made 
of electron metal (a light magnesium 
alloy) instead of brass (see fig. 2), 
; have been used. With these chambers, 
Fig. 2. Electron a ofthe it is difficult to prevent moisture 

from entering the chambers and im- 
pairing the insulation when the cham- 

bers are inserted into the tissues. Moreover, even the shorter electron 
metal chambers are too large for detecting the rapid variation of inten- 
sity close to the radium needles. A new type of chamber was therefore, 
developed (see fig. 1). The air space has a diameter of 1.7 mm and a 
length of 1 mm, giving an air volume of about 2 mm*. As the outer 
diameter of the chamber is 2.3 mm, and the radium needles generally 
used at Radiumhemmet for interstitial treatment have a diameter of 
2.3 mm and are placed only about 5 mm:s apart, it is difficult to insert 
the measuring needle between the radium needles. Most measurements 
were therefore taken at the border of the cancer. Fig. 3 gives a few 
instances of the arrangement of the radium and measuring needles, 
and of the results. The intensities measured were generally of the order 
100 to 200 Ime, averaging about 150 Ime’; for a treatment time of 4 


1 As to the intensity unit Ime (the y-ray intensity 1 cm from a point source 
containing 1 mg Ra and filtered by 0.5 mm Pt), see R. Srevert (25). 
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hours this corresponds to 600 Imc-hours. In the immediate neighbourhood 
of the radium needles, the doses were much higher. For comparison, it 
may be mentioned that in telecurietherapy at the Radiumhemmet, 
doses of ca. 700 Imc-hours per field are given as a maximum; these doses 
are, however, distributed over a number of days. 

At the suggestion of Dr. An~Bom of Radiumhemmet, other measure- 
ments were taken on models of certain typical combinations of pre- 
parations. For these measurements the preparations, enclosed in 2 mm 
lead filters surrounded by a layer of Kerr’s dental compound, just as 
in actual use, were em- 59 Ime , 
bedded in a paraffin disc. ! 

Holes were drilled for the , 
insertion of chambers of Vf ‘4 
different types, viz. the i | | | 
brass needle chambers 
mentioned aboveandthe / / 
spherical chambers des- 
cribed by Stevert (26), 
type (I—1)7. With the 
aid of a Roentgen-ray 
photograph of the disc. 
the relative positions of 
the radium preparations 
and the holes could be 66 Ime 
ascertained. During the Fig. 3. Some measurements on patients. The radium 
measurements the disc needles in each case contain 10 mg Ra. External 
was placed between two length 14.5 mm. In the last case, the value 149 Ime 
large paraffin blocks to corresponds to a point about 3 mm above the plane 
. of the radium needles. 
get approximately the 
same secondary radiation as from an infinite medium. The measure- 
ments were taken along different lines, and thus gave the results plotted 
in fig. 4—6. Some of the points on these curves were obtained with a 
spherical chamber, others with a needle-shaped chamber. The fact that 
all the readings so obtained from chambers of such widely differing 
design fit in relatively well along the same curve (considering the 
somewhat irregular shape of the layer of dental compound and the diffi- 
culty of obtaining the correct position of the preparations) speaks well 
for the reliability of the method. Calculations of the intensity distribu- 
tion by Srevert’s (1) formulae gave results approximately agreeing 
with the experiments, or slightly lower values. 

Finally, measurements have also been taken to test the theoretical 
formulae more directly. For the first series of measurements of this kind, 
celluloid plates were clamped together in pairs and a number of holes 


| 
ut 
ry A 
n, a 
ot 
ll 
|_| 
ne 
od 
nt 
ng 
of 
m 
2), 
's, 
re 
on. 
n- 
a 
er 
ly 
of 
rt 
its 
WwW 
2S, 
er 
4 
rce 
“in 


296 


SVEN BENNER 


drilled from the edge of the plates along the surface of contact between 
the plates. Certain holes were intended for radium preparations, others 
for needle chambers of the first type made of electron metal (see fig. 2). 


© 


Radium 


preparalion 
Lead fitter 


nlal compound 


Fig. 4. 


The distances between the prepara- 
tions and the measuring needles could 
be accurately measured with a com- 
parator when the plates had been taken 
apart. The distance from the centre 
of the measuring needle to the centre 
of the nearest preparation varied from 
2.7 to 28 mm. During the measure- 
ments the celluloid plates were placed 
between two big paraffin blocks. For 
the theoretical calculation of the in- 
tensity, Srevert’s (1, 27) formulae 
were used. The absorption coefficient 
of celluloid for y-radiation was as- 
sumed to be 0.11 (its density was 1.37). 
As the measuring needles were not so 


short that the intensity could be assumed to be constant throughout 
their length, the intensities at different points along the needles were 
calculated, and the mean value over the whole volume deduced there- 
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50 Ime 


\ 


Fig. 6. 


Fig. 4—6. The intensity distribution along the lines indicated in the upper parts 
of the figures. Radium preparations containing ca. 25 mg of Ra, 15—20 mm long. 


from. On comparison, the measured values were found to be about 
20 to 40 % higher than the calculated values, on an average about 
30 % higher. It should be noted that the measured values were ascer- 
tained from the observed discharge of the chamber by multiplying 
the latter by a constant of the chamber, found by exposing the cham- 
ber in air to a preparation of known radium content at a distance much 
larger than the dimensions of either the measuring needle or the pre- 
paration. 

If the difference between the measured and the calculated values 
is due to a secondary radiation from the intervening medium, it should 
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increase with increasing distance between chamber and preparations, 
but the experimental results do not show any distinct relation of this 
kind. As the experimental values were affected by rather large errors, 
the latest type (see fig. 1), which was found to give more constant results 
was used for new measurements. Besides, it was not necessary to calcu- 
late the intensity for several points of the chamber and take the mean, 
as the chambers were very small. The chambers were made of brass or 
electron metal, in either case with walls of 0.3 mm thickness. 
As a radiation source, a preparation of 16 mm active length and 2.8 
mm external diameter was used. By aid of a micrometer screw (see fig. 
7), the chamber could be moved 
ea to different distances from the 
preparation along a straight 
line passing through the centre 
of the preparation, at right 
anglés to its axis. The distance 
was varied from 2.55 mm be- 
tween centres (at direct contact) 
to 8.55 mm. Some of the me- 
asurements were taken in air, 
others with the preparation and 
the chamber immersed in water. 
Fig. 7. Radium preparation (A) and measur- The result is shown in Fig. 8, 
ing needle (B), moved by the micrometric together with the intensities cal- 
screw C. The measuring needle has been cylated by Srevert’s formulae 
raised a few millimeters above its normal (assuming an absorption coeffi- 
level in order to show the radium prepara- . . 
tion more clearly. cient of 0.08 for y-rays in 
water). Because of the small 
distances involved, the difference 
between the values calculated for air and for water is relatively small. 
But it will be seen that the values measured in water are actually higher 
than the values measured in air. This must of course be due to secondary 
radiation from the water. Furthermore, the measured values are much 
higher than the calculated ones, especially for the electron metal chamber. 
If we disregard this fact for a moment and only inquire whether the 
shape of the observed curves is the same as of the calculated ones, the 
simplest way is to plot in a diagram (Fig. 9) the ratio between the meas- 
ured and the calculated intensity for different distances in air and in 
water as a function of the distance between the centre of the preparation 
and the centre of the chamber. If the experimentally found intensity 
distribution is parallel to the theoretical one, a horizontal line should 
result. This is not the case, however. Small but distinct deviations are 
found. 
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Fig. 9 shows that the measured intensity values are considerably 
higher than the calculated ones; for the electron metal chamber especially 
the difference may amount to 43%. It is strange, that similar but 
smaller deviations are noticeable even when measuring in air, amounting 
for the electron metal chamber to maximum 32 %, for the brass chamber 


ss 


2 5 * 5 6 1 8 10 men 


Fig. 8. Results with the measuring arrangement of fig. 7. Abscissa distance between 

the centre of the preparation and the centre of the chamber. A calculated distri- 

bution in air, B calculated for water, C measured with brass needle in air, D in 
water, E and F measured with electron metal chamber in air and in water. 


to maximum 13 %. This is the more curious when we remember that the 
chambers had been calibrated in air by exposing at a known distance 
from a preparation of known radium content. For this purpose a strong 
preparation was used, so that the exposure could be made at 2—4 cms 
distance without too long time of exposure. As the preparation was 
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also much shorter than the one whose intensity distribution was to be 
examined, it could be regarded as a point source. 

Because of the relatively large discrepancy in the case of the electron 
metal chamber, a special experiment was made in air at distances up to 
14.55 mm; even at these great distances the ratio between observed 
and calculated intensity was about 1.31. In another experiment in air, 
the electron metal needle was surrounded by a filter of 0.5 mm of lead; 
in this case the constant of the chamber had to be separately determined, 
as a lead filter greatly increases the sensitivity of the chamber. Now, 
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Fig. 9. The ratio between the observed intensity (plotted in fig. 9) and the inten- 
sity calculated from Srevert’s formulae. A, brass needle in air, 3B, in water. 
C, electron metal needle in air, D, in water. 


the measured intensity around the preparation at distances 8.55— 
14.55 mm agreed with the calculated one within 1—2 %. With a filter 
of 1 mm Al and at distances 3.55—8.55 mm, the measured intensity 
was 6—8 % too high in air, and 8—10 % in water. 

These experiments, and the fact that with the brass needle the discre- 
pancy is much smaller (see fig. 9), make it probable that in the case of the 


‘unshielded electron chamber the discrepancy is due to secondary -radia- 


tion from the preparation. 0.3 mm of electron metal is equivalent to 
only 0.55 mm of water, and must transmit a large part of this radiation. 
From another point of view, however, the discrepancy seems difficult 
to explain by aid of the secondary f-radiation, as the filtration of the 
preparation used for calibration is the same as for the preparation used 
for intensity distribution measurements, viz. 0.35 mm Au-+ 0.30 mm Pt. 

A certain difference may arise from the different shape of the pre- 
parations, but earlier measurements (28) show that the preparation used 
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for calibration (called J in table II in the quoted paper) rather gives 
a stronger secondary f-radiation per mg of radium element than that 
which was used for the measurements described here (it is similar to the 
preparation called B5 in the table mentioned). 

In another experiment an attempt was made to investigate the sen- 
sitivity of the chambers to secondary f-rays by exposing them to the 
same preparation, first surrounded by a filter of 0.5 mm Pb and then 
by one of 0.8 mm Cu. With respect to the y-rays these filters are equiva- 
lent, but they give a different secondary f-ray intensity; according to 
earlier measurements (29), the latter gives a 32% lower secondary f-ray 
intensity. This experiment, however, did not give any definite result. 
In view of all this, the question of the cause of the discrepancy in the 
case of the electron metal chamber must be left open. 

The fact that the difference is larger in water than in air is easier to 
understand; this is partly due to scattered y-rays from the water, partly 
to the fact that the secondary f-radiation from the preparation is absor- 
bed and replaced by secondary f-radiation from the water-layer nearest 
to the chamber. According to earlier measurements (29) the latter is pro- 
bably more intense. The geometric conditions were certainly very different, 
but according to a theorem of SrevERT’s(30) the preparation and the cham- 
ber may, under certain conditions, change places without any resulting 
change in the secondary f-radiation indicated by the chamber. It is 
thus of little importance whether the water-layer giving rise to the sec- 
ondary f-radiation is immediately surrounding the preparation or the 
chamber. 

If the discrepancy between experiment and theory is due to soft 
secondary radiation, it should disappear if the chamber is immersed 
in water during the calibration as well as during measurements of intensity 
distribution. For that purpose, the small needle chambers used in the 
principal experiments were re-calibrated in air and in water. Conform- 
ing to the above-mentioned results of Bruzau and Grirriru, the 
intensity was assumed to be the same in both cases (the distance was 
only 2cm). In fact, the constant of the brass chamber was reduced by 
7 % when immersing the chamber in water; the constant of the electron 
metal chamber was reduced by 18 %. The experimental values of figs. 
8—9 should therefore be reduced in the same proportion; the agreement 
between experiment and theory will be much better. (To the values of 
fig. 3 this correction has already been applied.) These chambers can 
therefore, with an accuracy of about 10 %, be used for intensity measure- 
ments in water or tissues, if they are also calibrated in water. For inten- 
sity measurements in air, however, such thin-walled chambers are not 
suitable. 
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SUMMARY 


Different methods of measuring and calculating the intensity distribution around 
radium preparations are discussed. Measurements were taken by the author on phan- 
toms and patients, using the condenser chamber principle of Srevert. In general, the 
observed intensity distribution agreed with the theoretical one, but the absolute values 
were too high. The causes of this divergence are discussed. If the chambers are cali- 
brated in water, the experimental results in water agree with theory within about 10 %. 
For measurements of the intensity distribution in air, however, the thin-walled cham- 
bers used by the author are not suitable. 


ZUSAMMENFASSUNG 


Verschiedene Methoden zur Messung und Berechnung der Intensititsverteilung in 
der Umgebung von Radiumpriparaten werden erértert. Messungen des Verfassers an 
Patienten und an Phantomen mit Hilfe von Srevert’s Kondensatorkammermethode 
werden mitgeteilt. Im allgemeinen stimmt die beobachtete Intensititsverteilung mit 
der berechneten iiberein, aber die absoluten Werte sind zu gross. Die Ursachen dieser 
Unstimmigkeit werden diskutiert. Wenn die Kammern in Wasser geeicht worden sind, 
stimmen die in Wasser experimentell gefundenen Werte mit den theoretischen bis auf 
etwa 10 % iiberein. Fiir Messungen der Intensititsverteilung in der Luft sind dagegen 
die diinnwandigen Kammern des Verfassers nicht geeignet. 


RESUME 


On discute différentes méthodes de mesurer et de calculer la distribution de l’intensité 
autour des préparations de radium. L’auteur communique des mesures sur des malades 
et des fantémes a l’aide de la méthode des chambres condensateurs de Stevert. En géné- 
ral, la distribution observée reste d’accord avec la théorie, mais les valeurs absolues. 
sont trop grandes. Les causes de cette contradiction sont discutées. Si les chambres 
sont calibrées dans l'eau, les valeurs expérimentales pour la distribution de l’intensité 
dans l’eau coincident avec les valeurs théoriques 4 10 % prés. Pour mesures dans l’air, 
au contraire, les chambres & mince paroi de l’auteur ne sont pas pratiques. 
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ON ACTIVE ROTATION OF THE METACARPALIA, 
E. G. IN »SPREADING» OF THE FINGERS’ 
by 
Dr. G. van Dam. 


(Tabule XLVI—XLVII) 


While engaged in investigating the Réntgenology of the hand in 
rheumatic and gouty affections, our attention was caught by the fact 
that the metacarpals presented frequent differences in position. As a 
result it seemed desirable to pursue the inquiry regarding the movement 
potentiality of these bones in normal cases, and the »spreading» of the 
fingers afforded the best opportunity for so doing. 

The fingers were spread (also in most of the following photos) with 
the hand and the entire lower arm pronated upon the flat surface beneath. 

The very first exposure brought to light a rotation of the metacarpals. 
A further examination showed, however, that in this rotation pronation 
cannot be excluded and so, for purposes of control, photos of pronation 
and supination were taken. 


Characteristic features of rotation of wrist and hand 


With the hand in a certain position the dorsal and palmar outlines 
will be reproduced in a particular way in the radiogram. By means of a 
paralax-photo it can be ascertained which are the palmar contours and 
which the dorsal. 

When rotating in the direction of pronation the dorsal contours turn 
radially, the palmar towards the ulna. Contours which run parallel to 
the axis of rotation shift most purally radially and ulnar, those which 
run obliquely to this axis move, moreover, upwards and downwards. 


1 Submitted for publication Jan. 31st, 1934. 
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Furthermore, it may sometimes be seen that oblique planes (e. g. 
from radius to ulna and palmar-dorsal), which turn away in pronation, 
come more to the foreground in supination and vice versa. 

It must be born in mind that the skeleton of the hand abounds in 
individual differences, and that each case must be judged separately. 
Nevertheless there is a general type recognisable. 

This is illustrated in figs. 1, 2 and 3. These three photos depict the 
same hand in »rest», in pronation and in supination; two photos of this 
hand in the »spread» position will be given later. 

The capitula of the metacarpals are globular with facets on the ulna 
and the radial sides, whereby in most positions they are seen in the radio- 
grams with two dorsals and two palmar contours. 


Vv 
Capitulam meta- Capitulum meta- Bases of metacarpal 
carpus II. carpus IIT. Ill, IV and V. 
= palmar 
= dorsal 


Bases of metacarpals 


In the »rest» position the ulnar portion of the base of metacarpal IV 
lies dorsally from the radial portion of the base of metacarpal V, turns 
away in pronation and overlaps it in supination. The ulnar and radial 
processes of the base of metacarpal III lie dorsally from the corresponding 
contours of the bases of metacarpals II and IV, as is also apparent from 
the alteration in their relative position in pronation and supination. 
The radial process of the base of metacarpal III ends in the processus 
styloideus of this bone, which lies dorsally; this series of photos shows 
clearly how this process changes its position in pronation and in supina- 
tion. 


Distal row of carpals 


a. The lateral shifting of the hamulus is a caracteristic feature of 
rotation. 

b. The radial border of the os hamatum lies dorsally from the ulnar 
side of the os capitatum. 

21—340154. Acta Radiologica. Vol. XV. 1934. 
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ce. The ulnar border of the os multangulum minus lies palmar from 
the radial border of the os capitatum. 

As a rule in slight pronation the little joint between os hamatum and 
capitatum becomes more visible. 


Proximal row of wrist-bones 


a. The dorsally projecting point of the os triquetrum rotates, from 
supination via »rest» to pronation, from the ulna to the radius. 

b. The space between the os lunatum and triquetrum becomes less 
apparent from supination to pronation. 

c. The more or less vertical plane connecting the palmar and dorsal 
portions of the os naviculare with each other, distincly visible in »rest», 
. still more so in supination, rotates in pronation behind the palmar hori- 
zontal plane of the naviculare. This palmar plane itself with the same 
movement, slips distally over the radial border of the os hamatum. 


Ulna and radius 


The ulnar articular side of the radius is seen here as a plane running 
from radial-palmar to ulnar-dorsal, which, in pronation, rotates behind 
the palmar radius-plane, (i. e. grows narrower in the photo) and ends 
more »sagittally». The ulna itself varies very much in the photos and is 
practically uninfluenced by pronation and supination 

If, with the foregoing in mind, the »spread» photo (fig. 4) be com- 
pared first with the »rest» photo, it will be evident that in this »spread» 
pronation has undoubtedly taken place. If, however, it be compared with 
the pronation photo, where the capitula metacarpalia V and III are 
assuredly not farther rotated than in the »spread» photo and the other 
metacarpals a little bit farther, we shall see from carpal, radius and ulna 
to which pronation this rotation of the capitula belongs. From this 
ut follows that in the present case, besides slight pronation, and independently 
thereof, a distinct rotation of the metacarpal has taken place in the direction 
of pronation, varying in the case of the different bones. 

Fig. 5 is another photo of the same case, where the »spread» is not 
maximal. Here one feature is at once noticable to which I wish to draw 
attention, namely, that in the maximal »spread» it is the little finger 
especially which is most abducted (or adducted, as the French say, in 
view of the position of the hand at »Attention»). Hereby it is the m. ab- 
ductor digiti V which in particular comes into play, springing from the 
os pisiforme and inserting at the ulnar border of the base of the first 
phalanx of the little finger. The os pisiforme is than fixed and drawn 
proximally by the m. flexor carpi ulnare, which inserts at the os pisi- 
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ON ACTIVE ROTATION OF THE METACARPALIA 807 


forme and is responsable for a slight flexion of the hand, particularly 
well shown in the photo of the carpo-metacarpal joint. This tension of 
the m. flexor carpi ulnare in abduction of the little finger can be easily 
observed by anyone on his own hand. The proximal movement of the 
os pisiforme will be apparent on comparing the two »spread» photos. 

Comparing these two »spread» photos it will appear from the shifting 
of the hamulus, for instance, and from other photographic differences 
in the distal row of carpals that in a maximal »spread» there must also 
be some rotation in the direction of pronation in the joint between the 
proximal and distal row of carpals, (pronation being here practically 
the same as in maximal spread). That this rotation may not be accounted 
responsable for the rotation of the metacarpals is proved by the prona- 
tion photo (e. g. hamulus). 

Rotation of the metacarpalia may also take place independently of 
any other rotation. Proves of this are the photos of a child of ten years 
of age (fig. 6 and 7), in which the carpals, radius and ulna may overlap 
each other to such a degree that nothing of a double photo is to be seen 
if superimposed before the screen but where a closer examination of the 
capitula of the metacarpals will reveal unmistakable rotation, as is also 
clearly evident from the bases of the bones. 

Numerous other photos finally proved to me that in a maximal spread 
of the fingers, with the hand pronated upon a hard, flat surface, rotation 
of the metacarpalia in the direction of pronation is apparent. 

This rotation is sometimes caused solely by pronation, sometimes 
by a mere turning of the metacarpals, sometimes by both together, while 
it is also very probable that the joints between the proximal and distal 
row of wrist-bones may contribute towards the rotation. 

From the accompanying two photos (figs. 8 and 9) it will be evident 
that rotation of the metacarpals is a movement of much greater signi- 
ficance than has been supposed until the present (the literature has 
hitherto contained nothing on active rotation, and the mere tentative 
mention of passive rotation). In the one case (fig. 8) the pronated hand 
lies flat upon the surface beneath it, in the other (fig. 9) in a slightly 
clenched position (gynaecological hand). It will be seen that in the case 
of the clenched hand there is stronger pronation, but further, that meta- 
carpal V and probably also metacarpal IV are, on the contrary, slightly 
supinated. 

The rotation of the metacarpals in spreading may be as much as 
10°, but fluctuates. In the clenched hand a much greater degree of rota- 
tion can be attained, varying with the individual. 

For better understanding of finger-deviations in rheumatic and gouty 
affections more attention should be paid to the metacarpals. 

22—340154. Acta Radiologica. Vol. XV. 1934. 
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SUMMARY 


During maximal spreading of the fingers there occurs a réntgenologically demon- 
strable rotation of the metacarpals in the direction of pronation. The movement may 
be based upon, 

(a) pronation only, 

(b) rotation of the metacarpals only, 

(c) a combination of both, 

(d) probably the intercarpal joint can also take part. 

The gynaecological hand also shows a marked rotation of the metacarpals. The 
second and perhaps the third metacarpal turn in the direction of pronation while the 
fourth and fifth turn in the direction of supination. 

Active rotation of the metacarpals has not previously been mentioned in the 
literature. 


ZUSAMMENFASSUNG 


Réntgenologisch wurde gezeigt wie wihrend der maximalen Spreizung der Finger 
eine Rotation der Metakarpalia stattfindet in der Richtung der Pronation. Die Drehung 
kann beruhen: 

a. nur auf Pronation; 

b. » » Drehung der Metakarpalia; 

c. auf eine Mischung beides; 

d. sehr wahrscheinlich kann auch das Interkarpalgelenk mitwirken. 

Auch die gynikologische Hand zeigt eine markante einander gegengestellte Drehung 
der Metakarpalia, pronationsgeweis der Metakarpalien 2 vielleicht auch 3, supinations- 
geweis der Metakarpalien 4 und 5. 

Aktive Drehung der Metakarpalien ist bis jetzt noch nicht erwihnt in der Literatur. 


RESUME 


L’examen radiographique démontrait qu’il se produit une rotation des os méta- 
carpiens en divergeant maximalement les doigts. 
Cette rotation dépend: 
a. seulement d’une pronation; 
b. » » rotation des métacarpiens; 
c. » de la coordination des méchanismes a et b. 
d. C'est trés vraisemblable qu’aussi la jointure intercarpienne puisse assister 4 la rotation. 
La main en position gynécologique démontrait une rotation des métacarpiens 4 et 5 
dans le sens de supination, de 2 et probablement 3 dans le sens de pronation. 
La rotation active des métacarpiens n’a pas encore été décrite jusqu’ici. 
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FROM THE PHYSICAL LABORATORY OF THE RADIUMHEMMET, STOCKHOLM. 
CHIEF: R. M. SIEVERT 
non- 
may 
The ON A METHOD FOR CONTROL OF RADIUM PREPARA- 
the TIONS, USED AT RADIUMHEMMET'’ 
the by 
Rolf M. Sievert and Sven Benner 
a In an earlier paper, one of us* reported on the principle of new 
me methods for control of radium preparations. The following methods are 
described to show how this principle is at present applied in the Physical 
Laboratory of Radiumhemmet. 
The principle previously outlined is, that an ionisation chamber, 
which has a well insulated inner electrode of suitable electrostatic capa- 
ng city that has been charged to a certain tension and irradiated for a known 
ns- time, is afterwards placed on an electrometer in such a way, that the 
inner electrode is connected to the sensitive system of that electrometer. 
an In this way the charge of the inner electrode after irradiation is found. 


The difference against the full charge, which the inner electrode had be- 
fore irradiation, is proportional to the intensity and irradiation time, pro- 
vided that saturation current prevails. 

ol In order to measure the radium content of radium preparations, a 
device according to fig. 1 is used. Condenser chambers according to 
fig. 2 are exposed for a known time, alternately to a preparation whose 
radium content is to be measured and to a standard preparation whose 
radium content is known. By distributing the chambers concentrically 
around the preparation, small centering errors are rendered innocuous, 
as the mean for all six chambers is not appreciably changed. Two circles 
of chamber holders are arranged upon a single disc, one circle with a radius ' 
of 10 cm and the other with a radius of 20 cm. Because of the possibility s 
of using different distances and different chambers (fig. 2) a convenient. 2 
exposure time can, within rather wide limits, be chosen, irrespective of 
the radium content of the preparations. Generally, exposure times of 
5 to 30 minutes are used. Shorter times are not suitable because of the 


2 Submitted for publication March 28th, 1934. 
2 R. Srevert, Acta Radiol., Suppl. 14, p. 113—114, 1932. 
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Fig. 1. Disc for radium measurements. In the outer circle, there are six small cham- 

bers, and in the inner one, two large chambers. In the centre stands a brass filter cy- 

linder with a glass tube for a radium preparation. In front of this is a filter cylinder 
lid with a drilled rod for carrying a radium tube, and a height gauge. 


time consumed in placing the radium in, and removing the radium from 
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Fig. 2. Two different cham- 
bers for radium measure- 
ments. Scale 1:2. 


The chambers are put on their holders in ad- 
vance and are removed after the radium pre- 
paration has been taken away. Long exposure 
times are generally avoided but they are not a 
serious drawback, as other work may be done 
during the exposures. In order to accelerate 
measurements of weak preparations, several 
determinations may be made simultaneously 
on several different discs. The distance be- 
tween the various discs should be considerably 
greater than the distances between each pre- 
paration and its chambers, generally a distance 
of 5—6 m is sufficient to avoid errors caused 


by the influence of one radium preparation made upon the chambers 
of a neighbouring set-up. 

In order to read the charge of the chambers before and after irradia- 
tion, a sensitive one-string electrometer with a device for compensating 
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Fig. 3. Stand for group measurements of radium preparations with two matrixes and 
one chamber. To the left, the electrometer with a fitting for the chambers; for the cyl- 
indrical chambers of fig. 2, the fitting shown below is used. 


the deflection of the electrometer by aid of an influence electrode was 
originally used. The readings with this device, however, took too much 
time, especially if a great number of readings were made. For each pre- 
paration measured, at least two exposures are necessary in order to 
detect possible errors. A two-string electrometer with direct reading 
of the deflection is now used. The tension source, consisting of wireless 
dry batteries connected in series, generally gives about 450 volts. 

In order to filter away the softer y-rays, the preparations are sur- 
rounded by brass cylinders whose wall-thicknesses are 7 mm. As the 
chamber wall is 3 mm of brass, the total filtration will be 10 mm brass. 
To the bottom of the brass filter cylinder there is attached a small cone, 
which fits into an inverted conical opening in the top of a short rod. 
This rod is fastened to the centre of the disc. The preparation is fixed 
to a brass lid which fits into the filter cylinder. In most cases this is 
achieved by aid of a brass rod, in one end of which a short axial hole 
with slotted sides is drilled. In this hole the eyelet of the preparation 
is inserted, and the rod is clamped in the hole of the brass lid. A special 
gauge permits accurate centering of the preparation in relation to the 
level of the centre of the chambers. In many cases, especially if the 
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preparation is, or is suspected to be leaky, it is put into a glass tube, 
closed by a ground glass plug, in order to lessen the risk of contaminating 
the measuring instruments with emanation and its disintegration pro- 
ducts. This glass tube is also clamped into a lid, which fits into the filter 
cylinder. 

‘ For the Gustaf V Jubilee fund as well as for the Cancer Society, the 
Radiumhemmet Physical Laboratory has, during the last years, over- 
taken an annual control of all radium preparations. For this purpose, 
the method, just described, of individual control measurement of all 
preparations is too time-absorbing. Instead a device according to fig. 3 
is used. With this device a greater 
number of preparations (about 10— 
25) are measured simultaneously. For 
that purpose all the radium stock 
is divided into groups of suitable 
sizes. For each group, a matrix con- 
sisting of a flat basin of Al, filled with 
a layer of Kerr’s dental compound, 
is made. The preparations in each 
group are distributed over the surface 
of the dental compound. The basin is 
put into hot water so that the com- 
pound is softened, and the preparations 
impressed into it, by aid of a metal 
plate, thus forming a groove for each 
preparation. At the time of the annual 
control measurements, every prepara- 
Fig. 4. Chamber for the radium group tion in one group is placed into its 
measuring device of fig. 3. Scale 1:2. groove in the surface of the cor- 

responding matrix. The matrix is 
placed on the bottom plate of the device shown in fig. 3. (Three small 
knobs are attached to the underside of the basin to make it stand 
steady.) On the ring on top of the device, a flat circular chamber, of 
the design shown in fig. 4, is put for a measured time. If the same loss 
of charge of the inner electrode is obtained in the same exposure time 
as at the first measurement with the apparatus, the radium content 
of the group may be considered unaltered. The loss of charge must be 
corrected for the difference in atmospheric pressure at the two occasions. 
Because the radium content of the various groups is very different, 
the three rods carrying the ring for the condenser chambers are inter- 
changeable. Three sets of different lengths are available. 
For reading the charge of the chambers an one-string electrometer, as 
described for the first device, was originally used. This has, however, 


ae 5 
} 
4 
a 
¥ j 


ON A METHOD FOR CONTROL OF RADIUM PREPARATIONS 313 


been substituted by a two-string electrometer. This was not done be- 
cause of the gain in time, which is immaterial with these relatively few 
measurements, but because of the possibility of making the device tran- 
sportable. As the measurements are not only made at Radiumrhemmet 
but also at the hospitals in Lund and Gothenburg, where the Jubilee 
fund has deposited certain radium quantities, it is of value that the pres- 
ent device, the electrometer, the chambers, the two dry batteries needed, 
and other accessories, may be placed in an easily carried wooden box. 

As this latter method does not permit an absolute determination of 
the radium content of the different preparations or even of preparation 
groups but only reveals alterations of this radium content, it is necessary 
to know the radium content of the different preparations with sufficient 
accuracy at the time of the first control measurement. At Radiumhemmet, 
whose ‘radium supply is of long standing, individual control measure- 
ments according to the first method are therefore being continued. 
Simultaneously a photographic test is made of the uniformity of filling 
of the preparations. 

A possible source of error in the group control method is that the 
sensitivity of the chambers may alter in the course of time. As the Lab- 
oratory possesses six condenser chambers, according to fig. 4, one may 
safely assume the chambers to be unchanged as long as they all give 
agreeing results. For security, the chambers are also exposed to a single, 
purposely control-measured preparation, placed in a certain groove in 
one of the matrixes. If doubt should arise as to the constancy of the 
chambers, they can again be exposed in the same manner after the pre- 
paration mentioned has been repeatedly controlled, e. g. on the first- 
mentioned method of this paper. 


SUMMARY 


The new methods, based on the condenser chamber principle of Srevert, which are 
used at the Radiumhemmet Physical Laboratory for control of radium preparations, are 
described. This control is partly done by an individual measurement of the preparations 
and partly by an annual control group measurement of a certain number of preparations. 


ZUSAMMENFASSUNG 


Die neuen auf der Kondensatorkammermethode SIEvERTs basierten Methoden, die 
im Radiumhemmets Fysiska Laboratorium fiir die Kontrolle von Radiumpriparaten 
benutzt werden. werden beschrieben. Diese Kontrolle geschieht teils durch eine ein- 
malige Messung jedes Priparates fiir sich, teils durch eine jihrliche Kontrollmessung 
ganzer Gruppen von Radiumpriparaten. 
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RESUME 


Les nouvelles méthodes, basées sur la principe de chambres condensateurs de SIEVERT, 
qui sont en usage 4 Radiumhemmets Fysiska Laboratorium pour le contréle des prépara- 
tions de radium, sont décrites. Ce contrdle se fait de part une fois pour tous pour chaque 
préparation, de part chaque année pour des groupes de plusieurs préparations. 
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